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Foreword 


The  wonderful  thing  about  Clinical  Ophthalmic  Echography  is  that  Dr.  Roger  Harrie,  M.D.,  has  put  together 
an  amazing  variety  of  very  useful  case  presentations  complete  with  the  applicable  scans  that  are  clearly 
marked  and  discussed  in  a  concise  and  readable  form.  Additionally,  he  has  added  explanatory  arrows  to  dem- 
onstrate A-scan  spikes  or  B-scan  lesions.  Considering  the  wide  array  of  cases,  this  was  a  long-term  project  and 
a  considerable  undertaking.  There  is  a  vast  amount  of  pathologic  material  covered  in  this  text  which  is  easily 
accessed  and  it  is  very  usable  in  its  format  both  for  knowledge  acquisition  and  for  reference  in  the  clinic. 

In  his  concise  vignettes,  he  has  included  histopathology  slides  to  demonstrate  the  cause  of  spikes  generated 
on  the  diagnostic  A-scans  and  CT  scans  to  explain  other  complex  findings  which  can  generate  confusing 
areas  of  the  B -scans.  Fortunately  for  the  reader,  Dr.  Harrie,  had  extensive  fellowship  training  under  Dr.  Karl 
Ossoinig  in  ophthalmic  ultrasound  (at  the  University  of  Iowa)  and  is  a  member  the  American  Registry  of 
Diagnostic  Medical  Sonographers.  He  also  is  a  member  of  the  Society  of  Diagnostic  Ultrasound  in 
Ophthalmology,  works  at  the  Indian  Health  Service  in  Utah,  and  is  a  clinical  professor  of  ophthalmology  at 
the  John  Moran  Eye  Center.  Therefore,  he  is  exquisitely  qualified  to  create  this  superb  case  study  approach  to 
ophthalmic  ultrasonography. 

This  new  edition  is  a  tremendous  resource  with  the  addition  of  Cynthia  Kendall,  BMET,  ROUB,  CDOS, 
who  has  provided  clinical  and  technical  training  to  ophthalmologists,  veterinarians,  ophthalmic  personnel, 
and  bio-technical  individuals.  Personally,  I  have  found  that  she  is  one  of  the  most  outstanding  ophthalmic 
ultrasound  instructors  and  has  pioneered  and  co-developed  a  great  ultrasound  machine.  Because  of  her 
in-depth  understanding  of  the  technology  of  ultrasound  equipment  and  her  ability  to  create  3D  thinking, 
she  is  able  to  succinctly  teach  other  people  how  to  anticipate  what  one  will  likely  see  on  a  scan  and  relate 
it  three-dimensionally  to  the  lesion  inside  the  eye  which  is  being  imaged  with  ocular  ultrasound.  This  kind 
of  expertise  takes  years  to  develop  and  her  addition  to  this  book  increases  its  value  to  the  reader. 

Because  of  the  rapid,  to  the  point,  relevant  and  usable  format,  this  is  a  book  that  one  can  quickly  pull 
from  a  shelf  and  read  about  a  case,  compare  with  something  that  one  has  recently  encountered,  and  use  it 
as  a  reference  point.  However,  it  is  hard  to  put  it  down  because  you  will  want  to  read  about  two  or  three 
more  cases,  while  you  have  it  open.  In  the  fast-paced  clinical  setting,  even  that  is  possible. 

My  congratulations  to  Dr.  Roger  Harrie  and  Ms.  Cynthia  Kendall.  Excellent  work! 

Phoenix,  AZ  and  Mandi  D.  Conway  M.D.  FACS 

New  Orleans,  LA,  USA 
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Parti 

Indications  for  Ophthalmic  Ultrasound 


Who  Really  Needs  Ultrasound? 

There  are  numerous  clinical  applications  of  ocular 
ultrasound.  However,  many  clinicians  complete  their 
training  with  minimal  exposure  to  echography 
beyond  that  for  biometry  and  do  not  appreciate  the 
value  of  this  technology  in  their  practices.  The  occa- 
sional patient  in  the  general  eye  practice  who  is  per- 
ceived to  need  an  imaging  study  is  referred  for 
computerized  tomography  (CT)  or  magnetic  reso- 
nance imaging  (MRI)  scanning,  which  are  readily 
accessible  in  developed  countries.  The  potpourri  of 
diagnostic  imaging  modalities  with  insurance  cover- 
age is  potentially  subject  to  overuse.  It  is  tempting  to 
order  MRI  scans  for  headaches,  CT  scans  for  pains 
around  the  eye,  and  carotid  Doppler  duplex  scanning 
for  vision  disturbances.  In  many  cases,  a  careful  his- 
tory and  physical  examination  combined  with  the  use 
of  ultrasound  can  correctly  diagnose  the  problem 
without  the  need  for  more  expensive  studies. 

The  general  ophthalmologist  sees  patients  on  a 
daily  basis  who  have  symptoms  related  to  the  eyes  or 
paraocular  structures  that  can  be  clarified  by  the  use 
of  ultrasound.  Common  complaints  encountered  in 
the  clinic  include  pain  in  and  around  the  eye;  double 
vision;  various  forms  of  flashes,  floaters,  and  geo- 
metric shapes  such  as  curves,  shadows,  and  scoto- 
mata;  bulging  eyes;  and  lumps  and  bumps  around  the 
eyes.  Also,  ocular  examination  may  reveal  problems 
of  which  the  patient  may  not  be  aware,  such  as  iris 
and  posterior  segment  lesions,  elevated  optic  nerve 
heads,  proptosis,  and  subtle  ptosis. 

This  book  utilizes  both  B  and  A-scan  images.  Most 
practitioners  are  familiar  with  the  B-scan  which  is  basi- 
cally an  acoustic  section  through  the  eye.  The  A-scan  is 
based  on  the  same  principles  of  sound  reflection  as  the 
B-scan  but  displays  the  image  as  a  series  of  vertical 


lines  which  can  add  significant  diagnostic  information 
in  the  evaluation  of  ocular  and  orbital  pathological  con- 
ditions. The  following  are  A-  and  B-scan  images  of  a 
normal  eye  (Fig.  1).  The  principles  of  these  different 
modalities  are  discussed  further  in  Part  II. 


Fig.  1  Top:  B-scan  initial  signal  from  probe  (first  arrow), 
vitreous  cavity  (second  arrow),  and  retinochoroid  layer 
(third  arrow).  Bottom:  A-scan  initial  signal  (first  arrow), 
vitreous  cavity  (second  arrow),  and  retinochoroid  layer 
(third  arrow) 
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Case  Study  1 

Optic  Nerve  Drusen 


AI  was  a  10-year-old  boy  who  complained  of  head- 
aches severe  enough  to  keep  him  home  from  school 
on  several  occasions  for  several  months.  He  was 
taken  to  his  pediatrician  and  then  referred  to  a  com- 
prehensive ophthalmologist,  who  felt  the  optic 
discs  were  elevated.  He  was  then  referred  to  a  neu- 
rologist who  hospitalized  the  child  and  did  a  com- 
plete neurological  examination,  ordered  a  CT  scan 
and  then  an  MRI  scan  and  subsequently  a  cerebral 
angiogram,  and  performed  a  lumbar  puncture.  This 
US  $20,000  workup  proved  to  be  negative  for  cen- 
tral nervous  system  pathology.  He  ultimately  was 
referred  for  echography,  where  B-scan  quickly 
demonstrated  buried  calcified  drusen  as  the  cause 
for  the  disc  irregularity  (Fig.  1).  A- scan  measured 
the  diameter  of  the  optic  nerves  in  the  orbit  to  be 
within  normal  limits. 

This  book  uses  a  case  study  approach  to  illustrate 
how  useful  echography  can  be  in  a  typical  ophthal- 
mologist's or  optometrist's  office.  This  technology 
gives  the  clinician  another  dimension  of  diagnostic 
capability.  It  provides  the  ability  to  visualize  the 
posterior  segment  otherwise  obscured  by  a  dense 
cataract  or  cloudy  cornea.  It  enables  examination  of 
the  retrobulbar  and  orbital  structures  in  a  patient 
presenting  with  pain  or  pressure  around  the  eye.  It 
facilitates  analysis  of  visible  lesions  in  the  fundus 
on  a  level  approximating  histopathologic  tissue 
slices.  It  fills  a  niche  among  all  the  other  powerful 
imaging  technologies  by  providing  information  not 
otherwise  obtainable.  The  clinician  proficient  in 
echography  experiences  a  paradigm  shift  from  frus- 
tration and  inadequacy  in  dealing  with  certain  types 
of  eye  problems  to  satisfaction  in  identifying  and 
properly  addressing  the  issue. 


Fig.  1  Small  calcified  optic  nerve  drusen  (arrow) 

The  quality  of  an  echographic  study  is  highly 
examiner  dependent,  so  it  is  essential  that  the  prac- 
titioner receive  hands-on  training  with  someone 
skilled  in  echographic  techniques.  This  is  important 
for  the  B-scan,  but  proper  use  of  the  A-scan  greatly 
expands  one's  diagnostic  capabilities.  The  vertical 
spikes  of  this  modality  seem  foreign  compared  to 
the  recognizable  anatomic  sections  of  the  eye  dis- 
played on  the  B-scan  screen,  but  once  understood, 
they  increase  the  diagnostic  capacity  of  the  exam- 
iner. Many  people  equate  ophthalmic  echography 
with  the  B-scan  unit,  which  may  or  may  not  have 
a  vector  A-scan  tracing  at  the  bottom  of  the  screen. 
The  diagnostic  capability  of  an  instrument  that  has 
a  separate  dedicated  A-scan  probe  is  far  superior 
to  the  single  A/B  probes.  There  are  excellent  com- 
bined A-  and  B -diagnostic  echography  units  on  the 
market  that  include  biometric  capability  and  range 
in  cost  from  US  $20,000  up  to  US  $50,000  for  those 
including  an  ultrasound  biomicroscope  (UBM). 
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Case  Study  1.  Optic  Nerve  Drusen 


A-  and  B-scan  techniques  are  often  used  during 
the  same  examination  for  evaluation  of  the  eye  and 
orbit.  B-scan  is  useful  for  intraocular  processes 
because  of  its  ability  to  display  shape  and  anatomic 
relationship  to  other  structures.  It  is  very  sensitive 
to  the  presence  of  high  reflective  material,  such  as 
intraocular  foreign  bodies  of  various  types,  and  in 
detecting  calcium,  such  as  seen  in  optic  nerve  head 
drusen.  Its  value  in  the  orbit  has  largely  been  sup- 
planted by  the  continually  evolving  resolution  of 
computer-linked  radiologic  technology,  such  as 
MRI,  CT,  and  positron  emission  tomography  (PET) 
scanning.  However,  B-scan  remains  clinically  use- 
ful in  the  detection  of  orbital  processes,  such  as 
anterior  orbital  tumors,  subtenon's  infiltration  by 
inflammatory  or  malignant  cells,  and  tendon  thick- 
ening in  myositis,  and  in  displaying  enlargement  of 
the  superior  ophthalmic  vein  in  various  congestive 
disorders,  such  as  carotid  cavernous  or  other  arte- 
riovenous (AV)  orbital  fistulas. 

The  A- scan,  on  the  other  hand,  fills  several 
orbital  niches  inadequately  covered  by  B-scan  and 
radiologic  scanning  techniques.  As  stated  in  the 
American  Academy  of  Ophthalmology  Basic  and 
Clinical  Science  Course,  "standardized  A-scan 
is  much  less  aesthetically  attractive  to  the  begin- 
ner and  is  more  difficult  to  perform.  However,  it 
potentially  conveys  much  more  diagnostic  infor- 
mation than  the  B-scan."1  Its  ability  to  quantitate 
orbital  structures,  such  as  extraocular  muscle  and 
optic  nerve  thickness,  can  provide  very  important 
information  not  obtainable  by  other  modalities.  It  is 
useful  in  the  paraocular  examination  in  such  condi- 
tions as  dacryoadenitis  by  providing  measurements 
of  the  lacrimal  gland  and  analysis  of  its  internal 


structure.  It  can  also  provide  information  about  the 
paranasal  sinuses,  nasolacrimal  system,  posterior 
sclera,  and  subtenon's  space.  It  is  able  to  provide 
information  about  the  internal  structure  of  intraocu- 
lar and  orbital  tumors  that  is  often  highly  correlated 
to  the  pathological  diagnosis. 

In  the  setting  of  a  general  ophthalmologic  or 
optometric  practice,  there  are  many  instances 
where  echography  is  extremely  useful  and  some  in 
which  it  can  make  a  major  impact  on  the  evalua- 
tion and  treatment  of  the  patient.  Echography  is  an 
essential  tool  and  unequalled  by  other  imaging 
technology  in  the  evaluation  of  the  globe  when 
opaque  media  precludes  an  optical  view  of  the 
intraocular  structures.  Such  abnormalities  as  cor- 
neal opacities,  cells  in  the  anterior  chamber,  lens 
opacities,  and  vitreous  hemorrhage  or  inflamma- 
tion interfere  with  adequate  visualization  by  the 
direct  or  indirect  ophthalmoscope.  Ancillary  tests, 
such  as  fluorescein  angiography  and  optical  coher- 
ence tomography  (OCT),  are  useless  in  such  con- 
ditions. The  unique  ability  of  high-frequency 
sound  waves  to  pass  through  soft  tissues  without 
hindrance  provides  an  acoustic  window  where 
light  is  not  able  to  penetrate. 

The  most  common  media  opacity  responsible  for 
reduced  vision  is  opacification  of  the  crystalline 
lens.  Echography  is  essential  in  enabling  modern 
cataract  surgery  by  both  measuring  the  axial  length 
of  the  eye  for  intraocular  lens  calculations  and  eval- 
uating the  posterior  pole  when  the  cataract  is  so 
dense  that  the  fundus  cannot  be  visualized.  Such 
pathology  as  vitreous  opacities,  retinal  detachment, 
and  intraocular  tumors  can  be  detected  prior  to  lens 
removal. 


Case  Study  2 

Ciliary  Body  Melanoma  and  Sector  Cataract 


MH  is  a  73-year-old  man  who  presented  to  his 
ophthalmologist  with  the  complaint  of  reduced 
vision  in  his  left  eye  over  several  months. 
Examination  found  visual  acuity  OD  of  20/30  and 
OS  of  20/50.  Slit-lamp  examination  showed  mild 
nuclear  sclerosis  in  both  lenses  and  a  dense  secto- 
rial cortical  cataract  in  the  superior  nasal  quadrant 
of  the  left  lens.  The  fundus  could  not  be  seen  in  this 
area  due  to  the  lens  opacity. 

B-scan  showed  part  of  a  very  peripheral  lesion  in 
the  vicinity  of  the  superior  nasal  ciliary  body. 
Immersion  scanning  confirmed  the  presence  of  a 
ciliary  body  mass  most  consistent  with  a  malignant 
melanoma  (Fig.  1).  The  patient  was  advised  not  to 
undergo  cataract  surgery  because  of  the  potential 
for  disseminating  tumor  cells  via  surgical  manipu- 
lation. It  was  elected  to  observe  the  tumor  for 
growth  with  serial  echography  every  3-4  months. 

Solid  and  cystic  lesions  of  the  ciliary  body 
and  iris  may  go  undetected  until  discovered  on 
a  slit-lamp  examination  as  a  bulge  in  the  iris. 
Transillumination  can  sometimes  be  helpful  in  this 
setting,  but  the  results  of  this  test  are  often  equivo- 
cal. This  area  is  best  evaluated  by  an  immersion 

B-scan.  The  standard  10-MHz  probe  is  adequate 
to  image  some  of  these  lesions,  but  20  or  50  MHz 
(UBM)  better  characterizes  smaller  ones. 


Fig.  1  B-scan  of  cornea  (first  vertical  arrow),  ciliary 
body  melanoma  (second  vertical  arrow)  in  contact  with 
crystalline  lens  (horizontal  arrow) 
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Case  Study  3 

Small  Ciliary  Body  Melanoma 


NG  is  a  29-year-old  woman  who  was  noted  on  a 
routine  eye  examination  to  have  a  pigmented  lesion 
of  her  left  temporal  iris  root.  The  same  optometrist 


Fig.  1  Immersion  B-scan  (20  MHz)  of  ciliary  body 
melanoma  (arrow) 


had  checked  her  in  the  prior  year,  and  this  finding 
had  not  been  noted  at  that  time.  Gonioscopy 
revealed  focal  involvement  of  the  ciliary  body,  but 
the  adjacent  angle  was  normal.  The  lesion  seemed 
solid  on  transillumination. 

Immersion  scanning  using  a  20-MHz  probe 
revealed  a  solid  lesion  of  the  anterior  ciliary  body 
(Fig.  1).  It  measured  1.6  mm  by  1.5  mm.  The  finding 
of  a  probable  ciliary  body  melanoma  was  discussed 
with  the  patient,  and  she  elected  to  observe  it  for 
growth  with  repeat  echography  every  4-6  months. 

Iris  and  ciliary  body  cysts  are  more  common 
than  solid  lesions  and  are  easily  diagnosed  on 
immersion  scanning  (Fig.  2).  Multicystic  lesions 
are  not  uncommon.  It  is  important  to  differentiate 
them  from  tumors  such  as  melanoma. 

The  correct  diagnosis  of  anterior  segment 
problems  with  timely  therapy  can  be  facilitated  by 
echographic  techniques. 


Fig.  2  Immersion  scan  (20-MHz  probe)  of  iris/ciliary  body  cyst  (arrow) 
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Case  Study  4 

Iris  Bombe  Around  Intraocular 
Lens  Implant 


TA  is  a  62-year-old  diabetic  with  a  history  of  pro- 
liferative retinopathy.  His  right  eye  had  become 
phthisical  after  unsuccessful  retinal  detachment 
surgery,  and  the  vision  in  his  left  eye  had  gradually 
decreased  to  the  20/200  level  due  to  a  combination 
of  macular  pathology  and  cataract  formation.  He 
underwent  cataract  surgery  with  the  implantation 
of  an  anterior  chamber  intraocular  lens  implant 
(IOL)  because  of  zonular  dehiscence  secondary  to 
previous  vitrectomy.  His  visual  acuity  improved  to 
the  20/60  level,  but  he  awoke  on  a  Friday  morning 
with  a  severe  headache  and  marked  reduction  of  his 
vision. 

His  ophthalmologist  was  out  of  town  and  a  reti- 
nal specialist  associated  with  the  same  group  even- 
tually saw  him  in  the  afternoon.  Examination  found 
vision  OS  of  20/400,  intraocular  pressure  of  42,  and 
"iris  bombe"  with  iris  bulging  around  the  IOL  in 
spite  of  an  apparently  patent  surgical  iridotomy. 
The  patient  was  urgently  referred  for  echography. 

Immersion  B-scan  with  a  20-MHz  probe  and  a 
scleral  shell  filled  with  methylcellulose  demon- 
strated an  anterior  chamber  IOL  with  bulging  of  the 
iris  almost  to  the  cornea  nasally  and  temporally,  but 
otherwise,  the  anterior  chamber  was  deep  (Fig.  1). 
This  was  consistent  with  trapped  pockets  of  aque- 
ous. An  yttrium  aluminum  garnet  (YAG)  iridotomy 
was  performed  for  three  spots  in  the  areas  of  the  iris 
bulge  with  almost  immediate  flattening  of  the  iris 
and  relief  of  the  patient's  headache.  Intraocular 


pressure  was  measured  at  34  mm  and  had  decreased 
to  9  mm  by  the  next  morning. 

Echography  is  equally  important  in  the  evalua- 
tion of  visible  fundus  lesions.  A- scan  provides  the 
unique  capacity  to  characterize  the  internal  struc- 
ture of  intraocular  tumors  that  is  highly  correlated 
to  the  tissue  characteristics  of  the  lesion.  The  quan- 
titative (spike  height  and  regularity)  and  kinetic 
(rapid  spike  movement)  criteria  described  by 
Ossoinig  [2]  provide  high  specificity  and  sensitivity 
in  evaluation  of  ocular  lesions. 


Fig.  1  Iris  (large  arrow)  bulging  around  anterior  chamber 
intraocular  lens  implant  (small  arrow) 
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Case  Study  5 

Choroidal  Melanoma 


MO  is  a  54-year-old  woman  who  noted  a  shadow 
increasing  over  several  months  in  the  lower  part  of 
her  field  of  vision  in  the  left  eye.  She  presented  to 
her  optometrist,  who  noted  vision  OD  of  20/20  and 
OS  of  20/30  with  some  distortion.  Fundus  exami- 
nation of  the  left  eye  found  a  lightly  pigmented 
lesion  posterior  to  the  superior  equator.  A  visual 
field  examination  showed  an  inferior  defect  that 
extended  into  the  lower  part  of  central  fixation. 

B-scan  revealed  a  solid  lesion  just  above  the  left 
macula  with  basal  dimension  measurements  of 
6.2  mm  circumferentially  and  7.1  mm  radially  with 
2+  spontaneous  internal  vascularity.  A- scan  mea- 
sured thickness  of  the  lesion  to  be  6.24  mm  with 
medium  and  regular  internal  reflectivity  (Fig.  1). 

These  findings  were  highly  consistent  with  a 
choroidal  melanoma,  and  the  patient  was  referred 
for  radioactive  plaque  therapy  after  a  systemic  eval- 
uation for  metastatic  melanoma  was  negative. 

The  quantitative  capability  of  the  A- scan  has 
become  essential  in  the  management  of  intraocular 
tumors.  The  last  30  years  has  witnessed  the 


Fig.  1  A- scan  of  choroidal  melanoma.  Tumor  surface 
indicated  by  first  arrow  and  sclera  by  second  arrow 

transition  from  enucleation  as  the  procedure  of 
choice  in  the  management  of  intraocular  malignant 
melanoma  to  observation  and  radiation  in  cases  of 
documented  growth.  A-scan  measurements  of  the 
thickness  of  intraocular  lesions  are  integral  to  this 
current  management  paradigm. 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link: 

http://www.  springerimages.com/videos/978- 1  -46 1 4-708 1  -6. 
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Case  Study  6 

Small  Choroidal  Melanoma 


GH  is  a  47-year-old  woman  who  was  seen  by  an 
ophthalmologist  for  a  routine  eye  examination.  She 
was  found  to  have  an  elevated  pigmented  lesion  in 
her  temporal  fundus  on  ophthalmoscopy.  A  fluores- 
cein angiogram  was  obtained  that  showed  early 
hyperfluorescence  in  the  late  arterial  phase  with 
increasing  hyperfluorescence  in  the  late  venous 
phase  that  persisted  after  15  min. 

B-scan  revealed  a  moderately  echodense  lesion 
that  measured  5.5  mm  in  circumferential  basal 
dimension  and  6.1  mm  in  radial  basal  dimension. 
A- scan  demonstrated  a  medium  reflective  lesion 
that  measured  2.76  mm  in  thickness  (Fig.  1). 
Spontaneous  vascularity  was  not  detected.  The  dif- 
ferential diagnosis  included  a  large  choroidal  nevus 
or  a  small  malignant  melanoma.  It  was  elected  to 
follow  her  with  repeat  echography  in  4  months.  The 
lesion  has  been  measured  at  the  same  thickness  and 
basal  dimensions  for  2  years  with  the  frequency  of 
examination  being  extended  to  one  per  year. 

Echography  is  an  essential  tool  in  the  differen- 
tial diagnosis  of  intraocular  lesions.  The  echo  sig- 
nal characteristics  of  the  most  common  choroidal 
mass  lesions  are  distinctive  enough  to  make  an 
accurate  diagnosis  in  most  cases.  This  list  includes 


Fig.  1  A- scan  of  small  choroidal  melanoma.  Tumor  sur- 
face indicated  by  first  arrow  and  sclera  by  second  arrow 

malignant  melanoma,  choroidal  hemangioma, 
metastatic  tumors,  retinoblastoma,  and  disease 
processes  that  simulate  tumors,  such  as  subretinal 
hemorrhage  and  disciform  scars. 

Malignant  melanomas  are  low-to-medium  reflec- 
tive with  a  regular  structure  and  usually  demon- 
strate spontaneous  internal  vascularity  on  A-scan. 
The  B-scan  generally  demonstrates  a  dome  or 
mushroom  shape  (Fig.  2). 
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Case  Study  6.  Small  Choroidal  Melanoma 


Fig.  2  Left:  B-scan  of  dome-shaped  choroidal  melanoma  {arrow).  Right:  B-scan  of  mushroom- shaped  melanoma 

(arrow) 
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Fig.  3  A-scan  of  choroidal  hemangioma.  Tumor  surface 
indicated  by  first  arrow  and  sclera  by  second  arrow 


Choroidal  hemangiomas  are  medium-to-high 
reflective  with  a  regular  internal  structure  and 
do  not  show  spontaneous  internal  vascularity 
(Fig.  3). 

Metastases  to  the  choroid  occur  most  frequently 
from  primary  tumors  of  the  breast  in  women  and 
the  lung  in  men.  Echography  shows  irregular  inter- 
nal structure  with  low  and  high  spikes.  Spontaneous 
internal  vascularity  is  usually  absent  (Fig.  4). 

Retinoblastomas  are  most  often  found  in  chil- 
dren at  an  average  age  of  two  but  have  been  reported 
in  adults  [3].  They  are  generally  calcified,  which  is 
readily  detectable  by  echography  (Fig.  5). 

Subretinal  hemorrhage  is  usually  acute  in  onset 
and  associated  with  choroidal  neovascularization. 
Echography  demonstrates  low-to-medium  internal 
reflectivity  with  regularity  of  the  spikes  due  to  the 
presence  of  liquid  blood  in  an  acute  event  versus 


Fig.  4  A-scan  of  metastatic  tumor  of  the  choroid.  Tumor 
surface  indicated  by  first  arrow  and  sclera  by  second 
arrow 

irregularity  in  a  more  chronic  process  with  gliotic 
changes  in  the  subretinal  space  and  choroid  (Fig.  6). 

Echography  is  an  important  tool  in  evaluation 
of  the  retina,  which  may  be  hidden  by  bleeding  in 
the  vitreous  cavity.  Vitreous  hemorrhage  occurs 
relatively  frequently  as  a  result  of  neovascular- 
ization and  vitreoretinal  traction  in  diabetes  and 
other  vasoocclusive  disease,  such  as  retinal  vein 
occlusions.  It  can  also  occur  in  patients  without 
underlying  vascular  disease  as  a  result  of  traction 
on  the  retina  in  posterior  vitreous  detachment 
(PVD).  Ultrasound  is  able  to  demonstrate  an  ele- 
vated retinal  tear  or  focal  retinal  detachment  that 
would  otherwise  go  undetected  and  untreated  with 
the  possibility  of  evolution  into  a  significant  retinal 
detachment. 


Case  Study  6.  Small  Choroidal  Melanoma 


Fig.  5  B-scan  of  calcium  clumps  within  retinoblastoma 

(arrow) 


Case  Study  7 

Posterior  Vitreous  Detachment 
and  Retinal  Tear 


NR  is  a  52-year-old  moderately  myopic  man  who 
noted  the  onset  of  flashes  of  light  several  weeks  prior 
to  presentation  at  his  ophthalmologist's  office.  He 
experienced  numerous  little  black  floaters  and  cloud- 
ing of  his  vision  in  the  left  eye  on  the  morning  of  the 
consultation.  Examination  found  vision  20/20  OD 
and  20/100  OS.  Fundus  examination  was  normal  in 
the  right  eye,  and  no  fundus  detail  could  be  observed 
in  the  left  because  of  a  moderately  dense  vitreous 
hemorrhage.  The  patient  was  advised  to  stop  tak- 
ing aspirin  products,  minimize  physical  activity,  and 
return  for  follow-  up  in  2  weeks.  However,  he  was 
very  bothered  by  the  lack  of  vision  in  his  left  eye  and 
sought  a  second  opinion  from  a  retinal  specialist. 

B-scan  demonstrated  a  moderately  dense  vitre- 
ous hemorrhage  and  a  total  PVD  with  a  focal  area 
of  vitreoretinal  traction  inferio-temporally  (Fig.  1). 
The  diagnosis  of  a  flap  tear  with  traction  was  made, 
and  the  patient  was  instructed  to  elevate  his  head  at 
night  and  to  return  the  next  day  for  reexamination. 
The  plan  was  to  treat  the  tear  with  laser  as  soon  as 
the  blood  cleared  enough  to  allow  visualization  or 
plan  vitrectomy  with  endolaser  if  the  blood 
remained  and  the  retina  showed  evidence  of  detach- 
ing. By  the  third  day,  the  blood  had  settled  enough 
to  allow  placement  of  laser  spots  around  the  tear, 
and  the  retina  remained  attached. 

Detachment  of  the  vitreous  occurs  commonly 
in  individuals  past  the  age  of  40,  and  6-15  %  of 
patients  with  symptoms  of  flashes  and  floaters 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


Fig.  1  B-scan  of  vitreoretinal  traction  (arrow) 

with  a  PVD  will  experience  a  retinal  tear  as  part  of 
this  process  [4].  The  average  practitioner  will  usu- 
ally see  at  least  one  patient  a  day  with  a  PVD. 
These  individuals  should  be  examined  with  indi- 
rect ophthalmoscopy  and  scleral  depression  and 
then  followed  up  within  a  few  weeks.  They  can  be 
informed  that  the  floater  will  become  less 
noticeable  over  time. 

A  number  of  people  experience  only  syneresis 
of  the  vitreous  gel  resulting  in  one  or  more  floaters 
without  a  detachment  of  the  vitreous.  They  some- 
times present  with  complaints  of  a  floater  that  can 
be  quite  concerning  to  them.  Demonstration  of  the 
opacity  on  B-scan  and  the  explanation  that  it  is 
nonthreatening  to  the  eye  can  be  reassuring  to  the 
patient. 
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Case  Study  8 

Vitreous  Syneresis 


BG  is  a  34-year-old  man  who  noted  a  "shape  like  a 
half-circle"  in  his  vision  that  bothered  him  con- 
stantly. He  related  this  symptom  to  his  primary  care 
doctor  who  ordered  an  MRI  scan  to  eliminate  intra- 
cranial pathology.  The  scan  was  normal,  and  the 
patient  was  referred  to  an  ophthalmologist. 
Examination  was  unremarkable  with  visual  acuity 
in  both  eyes  of  20/20  and  a  normal  fundus  examina- 
tion. A  posterior  vitreous  detachment  was  not 
detected.  B-scan  demonstrated  a  small  moderately 
reflective  mobile  surface  in  the  vitreous  that  was 
consistent  with  condensation  and  syneresis  (Fig.  1). 
This  was  demonstrated  to  the  patient,  and  he  was 
given  a  copy  of  a  photo  for  his  records.  He  expressed 
great  relief  that  "there  was  nothing  seriously  wrong 
with  the  vision"  and  soon  stopped  obsessing  about 
the  floater. 

Some  patients  can  develop  a  retinal  detachment 
with  no  or  minimal  symptoms  of  a  PVD.  They  may 
describe  a  "curved  surface  or  shape"  in  the  periph- 
eral visual  field  of  one  eye.  If  it  is  a  very  shallow 
detachment,  ophthalmoscopic  examination  may 
not  detect  it,  whereas  B-scan  is  a  very  sensitive  tool 


Fig.  1  B-scan  of  vitreous  condensation  and  syneresis 
(small  arrow) 

with  a  high  sensitivity  level  to  even  a  slight  separa- 
tion of  the  retina  from  the  underlying  retinal  pig- 
ment epithelium. 
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Case  Study  9 

Shallow  Retinal  Detachment 


AH  is  a  57-year-old  Indian  woman  who  presented 
to  an  oculoplastic  specialist  with  the  complaints  of 
intermittent  pain  around  her  left  eye.  She  also  men- 
tioned a  "curved  reflection"  noticed  intermittently 
in  her  upper  outer  quadrant  of  vision.  Ocular  exam- 
ination including  fundus  inspection  was  described 
as  normal.  A  CT  scan  was  read  as  normal,  and  she 
was  referred  for  echography  to  eliminate  myositis 
or  other  orbital  inflammatory  processes. 

Orbital  A- scan  showed  only  a  few  low  ethmoid 
sinus  signals  felt  to  be  most  consistent  with  mild 
mucous  membrane  swelling.  B-scan  detected  a 
shallow  inferior  nasal  retinal  detachment  (Fig.  1), 
and  she  was  referred  to  the  retina  service  for 
management. 

Pain  in  or  around  the  eyes  is  one  of  the  most 
common  patient  complaints  in  any  ophthalmologic 
or  op  tome  trie  practice.  This  symptom  is  often  hard 
to  characterize  even  after  a  detailed  history  is  taken 
and  a  careful  examination  is  performed.  This  is 
especially  true  if  the  symptoms  are  intermittent 
and  not  present  at  the  time  of  the  consultation.  The 
practitioner  must  decide  how  vigorously  to  pursue 
the  diagnostic  workup.  Imaging  studies,  such  as 
CT  and  MRI  scans,  are  expensive  and  often  require 


the  patient  to  take  several  hours  out  of  a  busy 
schedule  to  undergo  the  test.  Echography  provides 
a  rapid  and  cost-effective  method  to  efficiently 
screen  for  ocular  and  orbital  causes  of  the  pain. 
Such  entities  as  scleritis,  myositis,  pseudotumor, 
subperiosteal  abscess  and  hemorrhage,  mucoceles, 
sinusitis,  optic  neuritis,  orbital  and  lacrimal 
tumors,  and  dacryoadenitis  are  readily  detectable 
by  echography. 


Fig.  1  B-scan  of  shallow  retinal  detachment  (arrow) 
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Case  Study  10 

Dacryoadenitis 


MB  is  a  25 -year-old  woman  who  complained  of 
intermittent  aching  pain  around  her  left  eye  over  a 
period  of  several  weeks.  Examination  was  unre- 
markable with  only  slight  tenderness  to  palpation  of 
the  left  superior  orbit.  A  CT  scan  had  been  ordered 
by  her  primary  care  doctor  and  was  read  as  normal 
by  the  radiologist.  A-scan  was  performed  by 
the  ophthalmologist  and  demonstrated  thickening  of 
the  left  lacrimal  gland  of  15.45  mm  compared  to  a 
normal  measurement  of  13.2  mm  for  the  right  gland. 
Internal  reflectivity  was  medium  reflective  com- 
pared to  the  higher  reflectivity  of  the  right  lacrimal 
gland  (Fig.  1).  These  findings  were  most  consistent 
with  a  low-grade  dacryoadenitis,  and  she  was  given 
a  2-week  course  of  oral  antibiotics  with  resolution 
of  her  symptoms.  Remeasurement  by  A-scan 
showed  reduction  in  size  of  the  gland  to  14.3  mm. 

Echography  is  very  useful  in  the  evaluation  of  the 
optic  nerve.  The  blurred  optic  disc  is  encountered 
relatively  commonly  in  the  course  of  general  oph- 
thalmologic or  optometric  practice.  Many  normal 
discs  are  somewhat  irregular  in  appearance  with 
blurred  margins,  and  this  can  cause  concern  for  the 
practitioner  about  a  possible  intracranial  process, 
especially  in  the  setting  of  a  patient  complaining  of 
headaches.  Brain  tumors  are  estimated  to  occur  in  a 
very  small  percentage  of  patients,  about  1  in  10,000 
[5].  However,  in  a  litigatious  society  such  as  the 
USA,  many  of  these  individuals  are  referred  for 
neuroimaging,  which  usually  turns  out  to  be  normal. 
The  wasted  time  and  money  spent  in  such  defensive 
medicine  is  considerable  and  adds  to  the  increasing 
health-care  portion  of  the  national  budget. 

The  ability  of  A-scan  to  quantitate  the  optic 
nerve  thickness  is  quite  helpful  in  the  evaluation 
of  papilledema.  It  can  assist  in  answering  the  ques- 
tion of  whether  an  engorged  optic  nerve  head  is  due 


Fig.  1  Top:  A-scan  of  right  lacrimal  gland  (vertical 
arrows  define  the  anterior  and  posterior  surface  of  the 
gland).  Bottom:  A-scan  of  left  lacrimal  gland  (arrows) 

to  increased  fluid  in  the  nerve  sheath,  as  occurs  in 
pseudotumor  cerebri,  or  the  result  of  solid  thick- 
ening as  seen  in  glioma,  meningioma,  or  cellular 
infiltration  of  the  nerve  sheaths.  B-scan  gives  a  very 
accurate  morphological  view  of  the  optic  nerve 
head.  It  is  extremely  sensitive  to  calcium  deposits 
such  as  optic  disc  drusen. 
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Case  Study  1 1 

Optic  Nerve  Drusen 


CJ  is  a  27 -year-old  woman  who  had  a  long  history 
of  migraine-like  headaches  and  had  noticed  an 
increase  in  severity  and  frequency  over  the  past  few 
months.  She  was  seen  by  her  primary  care  doctor 
and  told,  "everything  was  normal  except  for  mild 
hypertension."  A  low  dose  of  hydrochlorothiazide 
was  started,  and  she  was  advised  to  see  her  eye  doc- 
tor to  eliminate  an  ocular  cause  for  her  symptoms. 

An  optometrist  examined  her  eyes  and  docu- 
mented 20/20  uncorrected  vision  in  both  eyes  and 
intraocular  pressure  of  16  mm  in  each  eye.  Pupil 
reactions  were  normal  with  no  afferent  pupil  defect, 
and  confrontation  visual  fields  were  full.  Slit-lamp 
examination  was  unremarkable,  but  the  fundus 
examination  documented  some  irregularity  of 
the  optic  nerve  heads,  especially  on  the  right.  No 
spontaneous  venous  pulsations  were  appreciated. 
Humphrey  visual  field  testing  was  normal  except 
for  possible  mild  enlargement  of  the  blind  spots 
bilaterally.  These  findings  were  discussed  with  the 
patient,  and  it  was  suggested  that  she  undergo  fur- 
ther workup. 

She  was  referred  to  a  neurologist  for  an  examina- 
tion followed  by  an  MRI  scan.  This  showed  one  or 
two  nonspecific  white  spots  in  the  paraventricular 
area  but  no  evidence  of  a  mass  lesion.  It  was 
assumed  that  she  probably  had  pseudotumor  cere- 
bri and  a  lumbar  puncture  (LP)  was  performed.  The 
opening  pressure  was  borderline,  so  she  was  started 
on  Diamox.  She  had  a  severe  post-LP  headache  for 
several  days  afterwards  but  did  experience  some 
relief  from  her  usual  headaches  with  the  Diamox. 


She  noted  increasing  side  effects  from  this  medica- 
tion over  the  next  several  months. 

The  nausea  and  paresthesias  became  intolerable, 
and  she  finally  stopped  the  medication.  She  asked 
for  a  second  opinion  and  was  referred  to  a  neuro- 
ophthalmologist.  He  reviewed  the  history,  exam- 
ined the  optic  nerves  with  ophthalmoscopy,  and 
carefully  evaluated  the  MRI  scan.  He  questioned 
the  diagnosis  of  pseudotumor  cerebri  and  referred 
her  for  diagnostic  echography. 

A-scan  measured  the  optic  nerves  to  be  in  a  nor- 
mal range  with  2.47  mm  OD  and  2.5  mm  OS 
(Fig.  1).  B-scan  showed  mild  elevation  of  both 
discs  with  small  buried  calcified  drusen  bilaterally 
(Fig.  2).  The  neuro-ophthalmologist  reassured  her 
that  she  probably  had  pseudopapilledema  and  could 
safely  stop  taking  carbonic  anhydrase  inhibitors 
with  an  annual  follow-up  examination  unless  her 
headaches  worsened  or  new  symptoms,  such  as 
diplopia,  appeared. 

Buried  optic  disc  drusen  present  with  disc  or  peri- 
papillary nerve  fiber  layer  hemorrhage  in  2-10  %  of 
cases  [6].  Four  types  of  retinal  hemorrhages  have 
been  described:  (1)  splinter  nerve  fiber  layer  hemor- 
rhages at  the  disc,  (2)  hemorrhages  of  the  optic  nerve 
head  extending  into  the  vitreous,  (3)  deep  papillary 
hemorrhages,  and  (4)  deep  peripapillary  hemor- 
rhages with  or  without  extension  into  the  macula. 
Tiny  calcifications  are  easily  missed  on  radiologic 
studies.  Echography  is  more  sensitive  than  routine 
CT  scans  in  the  presence  of  faint  calcium  deposition 
such  as  with  small  buried  drusen. 
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Case  Study  11.  Optic  Nerve  Drusen 


Fig.  2  Left:  B-scan  of  calcified  optic  disc  drusen  in  the  right  eye  {arrow).  Right:  the  left  eye  (arrow) 


Case  Study  12 

Optic  Nerve  Druse  and  Disc  Hemorrhage 


SF  is  a  42-year-old  woman  who  was  noted  on 
a  routine  eye  examination  to  have  peripapillary 
hemorrhage  just  inferior  to  her  left  optic  disc. 
Visual  field  testing  showed  a  focal  arcuate  defect 
superior  to  the  blind  spot.  A  fluorescein  angiogram 
did  not  reveal  any  subretinal  neovascularization. 

B-scan  demonstrated  a  tiny  druse  buried  in  the 
optic  nerve  head  (Fig.  1)  that  was  assumed  to  be  the 
source  of  the  hemorrhage,  and  the  patient  was  told 
to  follow  up  in  4  months  unless  any  symptoms  of 
visual  loss  or  distortion  occurred. 

Echo  spikes  from  calcium  within  the  nerve  sub- 
stance, such  as  with  calcified  drusen,  stand  out 
in  contrast  to  the  relatively  lower  reflective  nerve 
parenchyma.  The  same  explanation  applies  to  high 
reflective  material  within  the  optic  nerve  vascula- 
ture as  sometimes  found  in  central  retinal  artery 
emboli.  Sergott  and  colleagues  [7]  reported  that 
31  %  of  patients  with  central  retinal  artery  occlu- 
sions were  found  to  have  embolic  material  posterior 


to  the  lamina  cribrosa  on  B-scan  evaluation  with  a 
color  Doppler  unit.  These  can  also  be  demonstrated 
on  a  standard  grayscale  B-scan  unit. 


Fig.  1  B-scan  of  tiny  buried  druse  (arrow) 
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Case  Study  13 

Central  Retinal  Artery  Embolus 


CL  is  a  70-year-old  man  who  presented  with  the 
history  of  marked  reduction  of  vision  in  his  left 
eye  several  days  ago.  Examination  found  vision 
20/30  OD  and  OS  of  hand  motions  at  1  m.  He  had 
a  3+  afferent  papillary  defect  in  this  eye.  Slit-lamp 
examination  was  normal,  and  fundus  examina- 
tion found  some  narrowing  of  the  retinal  arteri- 
oles and  a  faint  reddish  appearance  to  the  central 
macula.  It  was  assumed  that  a  vascular  event  had 
occurred  and  a  workup  was  done  including  eryth- 
rocyte sedimentation  rate,  C-reactive  protein, 
complete  blood  count  (CBC)  with  platelet  level, 
antiphospholipid  antibodies,  plasma  homocyste- 
ine, and  a  carotid  duplex  scan.  These  tests  were 
unremarkable  except  for  50  %  stenosis  of  both 
carotid  arteries. 

He  was  referred  for  orbital  color  Doppler  testing. 
The  grayscale  B-scan  part  of  the  study  showed  a 
small  high  reflective  signal  in  the  optic  nerve  poste- 
rior to  the  lamina  cribrosa  in  the  area  of  the  central 
retinal  artery  (Fig.  1).  This  was  consistent  with 
embolic  material  within  the  artery  most  likely  orig- 
inating from  an  atheromatous  plaque  in  the  carotid 
artery,  but  a  cardiac  source  could  not  be  ruled  out, 
so  an  echocardiogram  was  performed  and  inter- 
preted as  normal.  A  carotid  angiogram  confirmed 
an  ulcerated  atheroma  from  which  the  embolus  had 
most  likely  come.  The  patient  was  given  the  option 
of  medical  antiplatelet  therapy  with  aspirin  or  a  sur- 
gical endarterectomy. 

The  sensitivity  of  echography  in  detecting  intra- 
ocular calcification  with  optic  nerve  drusen  is 
equally  important  in  the  evaluation  of  leukocoria  to 


eliminate  retinoblastoma.  The  detection  of  a  mass 
in  a  small  child  has  ominous  implications  regarding 
morbidity  and  mortality.  There  is  a  long  differential 
diagnosis  for  leukocoria,  but  the  presence  of  cal- 
cium in  a  mass  found  within  a  child's  eye  is  almost 
pathognomonic  for  retinoblastoma.  However, 
according  to  Bullock  et  al.  [8]  it  is  absent  in  about 
10  %  of  retinoblastomas,  so  any  intraocular  mass 
in  a  child  must  be  viewed  with  suspicion.  CT  scans 
accurately  detect  calcium  when  it  is  present  in  a 
moderate  amount  but  can  miss  it  when  only  small 
scattered  deposits  are  present  within  the  tumor. 
Wilson  states,  "more  than  one  imaging  modal- 
ity should  be  used  in  the  evaluation  of  suspected 
retinoblastoma,  as  calcification  may  be  absent  on 
the  computed  tomography  but  present  on  B-mode 
ultrasound"  [9].  MRI  scans  are  not  able  to  detect 
calcium  in  these  tumors. 


Fig.  1  B-scan  of  embolic  material  in  central  retinal  artery 
(arrow)  (Photo  courtesy  of  Dr.  Robert  Sergott) 
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Case  Study  14 

Retinoblastoma  with  Fine  Calcification 


TM  is  a  2-year-old  child  who  was  noted  by 
his  parents  to  have  a  "wandering"  left  eye  that 
worsened  over  several  months.  They  consulted 
with  an  ophthalmologist  who  documented  an 
esotropia  of  30  prism  diopters  and  found  leuko- 
coria  on  testing  the  left  red  reflex.  She  noted  a 
whitish  pink  nasal  intraocular  mass  on  fundus 
examination.  She  suspected  a  retinoblastoma  and 
obtained  a  CT  scan  for  confirmation.  No  calcium 
was  detected  on  the  scan  (Fig.  1),  so  she  referred 
the  child  for  echography. 

B-scan  demonstrated  a  subretinal  mass  in  the  nasal 
fundus  that  measured  4.6  mm  thick  by  8  mm  by  7  mm 
in  basal  dimensions  (Fig.  2).  Multiple  tiny  high  reflec- 
tive signals  were  seen  within  the  lesion  consistent 
with  fine  calcification.  The  diagnosis  of  retinoblas- 
toma was  established,  and  the  child  was  referred  to  an 
oncologist  for  further  workup  and  treatment. 

Some  pediatric  ophthalmologists  are  now  referring 
children  suspected  of  having  retinoblastoma  directly 
for  echography  and  bypassing  CT.  The  optic  nerve 
and  brain  are  then  imaged  by  MRI  to  rule  out  intracra- 
nial extension  of  the  lesion  [10]. 

Echography  is  an  excellent  screening  tool  in 
the  office  for  orbital  problems  such  as  proptosis. 
The  most  common  cause  of  both  bilateral  and  uni- 
lateral proptosis  is  Graves'  disease,  and  echography 
is  a  very  sensitive  and  specific  modality  to  evaluate 
the  extraocular  muscles.  B-scan  can  demonstrate 
qualitative  muscle  enlargement  although  not  to  the 
degree  achievable  on  CT  and  MRI  scans.  A-scan  adds 
a  quantitative  dimension  by  providing  a  means  to 
accurately  measure  muscle  thickness.  In  addition,  the 
analysis  of  the  A-scan  spikes  within  the  muscle  gives 


tissue  signatures  that  are  characteristic  for  Graves'  as 
contrasted  to  other  causes  of  muscle  thickening,  such 
as  myositis. 


Fig.  1  Computed  tomography  scan  of  retinoblastoma 

(arrow) 


Fig.  2  B-scan  of  retinoblastoma  (arrow) 
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Case  Study  15 

Extraocular  Muscles  in  Graves'  Disease 


JC  is  a  32-year-old  woman  who  noted  increasing 
prominence  of  her  right  eye  over  several  months.  She 
presented  to  her  primary  care  doctor,  who  ordered 
thyroid  tests  (TSH  and  T4)  that  were  normal.  He  then 
ordered  a  CT  scan  that  was  interpreted  as  normal  by 
the  radiologist  with  no  mass  lesions  detected  and 
extraocular  muscle  thickness  "within  normal  limits." 
She  was  referred  to  an  ophthalmologist  who  docu- 
mented possible  lid  lag  on  the  right  side  and  exoph- 
thalmometry  readings  of  19  mm  OD  and  16  mm  OS. 
She  was  referred  for  echography.  A-scan  revealed 
several  muscles  in  both  orbits  that  were  greater  than 
upper  limits  of  normal  for  muscle  thickness.  The 
internal  reflectivity  pattern  of  these  muscles  was  het- 
erogeneous and  consistent  with  Graves'  disease 
(Fig.  1).  Thyroid  antibody  testing  was  performed  and 
was  moderately  positive.  She  was  instructed  about 
her  disease  and  how  to  manage  any  symptoms  that 
may  occur,  such  as  puffy  lids  and  dry,  scratchy  eyes. 
She  was  scheduled  for  a  follow-up  examination  in  6 
months  and  warned  about  symptoms  of  optic  nerve 
compression  and  was  specifically  told  to  check  her 
color  sensitivity  to  a  red  object  at  home. 


The  extraocular  muscles  may  also  be  thickened 
in  cases  of  orbital  myositis,  but  the  A-scan  is  quite 
helpful  in  viewing  the  internal  structure,  which  can 
clarify  the  differential  diagnosis  of  the  enlarged 
muscle.  This  capability  of  internal  analysis  is  espe- 
cially valuable  in  cases  where  the  muscle  is  not 
abnormally  enlarged. 


Fig.  1  A-scan  of  extraocular  muscle  involved  by  Graves' 
disease  (vertical  arrows) 
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Case  Study  16 

Orbital  Myositis 


CJ  is  a  26-year-old  man  who  noted  the  rapid  onset 
of  painful  swelling  of  his  right  upper  and  lower 
eyelids.  He  was  seen  at  the  emergency  room  and  a 
CT  scan  was  felt  to  be  consistent  with  mild  sinusitis 
and  a  preseptal  cellulitis,  and  he  was  given  intra- 
venous (IV)  antibiotics  and  sent  home  on  an  oral 
agent.  His  symptoms  improved  over  several  days, 
but  then  similar  symptoms  occurred  in  his  left  eye. 
He  was  seen  again  at  the  emergency  room,  and  the 
ophthalmologist  on  call  was  asked  to  come  in. 

Examination  showed  slight  left  upper  lid  swelling 
and  two  prism  diopters  of  left  esotropia  with  some 
pain  on  abduction.  The  CT  scan  was  reviewed,  and 
the  extraocular  muscles  appeared  subjectively  nor- 
mal in  thickness.  Echography  was  later  performed 
and  the  A- scan  measured  mildly  increased  muscle 
thickness,  and  the  left  lateral  rectus  was  low  to 
medium  and  regular  reflective  compared  to  the 
higher  and  more  irregular  reflectivity  of  the  right 
lateral  rectus.  This  was  interpreted  as  being  con- 
sistent with  inflammatory  infiltration  (Fig.  1).  The 
patient  was  started  on  indomethacin  with  resolution 
of  his  symptoms  over  the  next  several  weeks. 


Orbital  tumors  usually  present  with  proptosis  and/ 
or  globe  displacement  in  the  vertical  plane.  Also, 
the  presence  of  choroidal  or  retinal  folds  is  some- 
times associated  with  a  retrobulbar  mass  although 
they  are  often  idiopathic  and  these  patients  can  be 
spared  unnecessary  CT  or  MRI  scanning  by  a  brief 
screening  ultrasound  examination  in  the  office. 


Fig.  1  A- scan  of  extraocular  muscle  involved  by  myositis 
(vertical  arrows) 
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Case  Study  17 

Idiopathic  Choroidal  Folds 


PR  is  a  26-year-old  man  who  noted  some  blurring 
of  the  vision  in  his  right  eye  and  scheduled  an  eval- 
uation by  his  optometrist.  Examination  found 
vision  20/25  OD  and  20/15  OS.  There  was  mild 
distortion  of  the  vision  in  the  OD  to  Amsler  grid 
testing.  The  slit-lamp  examination  was  unremark- 
able, but  the  fundus  examination  showed  moderate 
choroidal  folds  in  the  right  eye.  An  orbital  tumor 
was  suspected,  and  the  patient  underwent  CT  scan- 
ning that  did  not  demonstrate  a  mass  and  was 
reported  as  normal.  The  patient  sought  a  second 
opinion  from  the  oculoplastic  service  at  the  univer- 
sity medical  center. 

Ultrasound  was  performed,  and  no  orbital  mass 
was  detected  by  either  A-  or  B-scan.  However, 
there  was  some  subtle  flattening  of  the  globe  con- 
sistent with  idiopathic  choroidal  folds  (Fig.  1). 

However,  choroidal  folds  can  be  the  result  of 
compression  of  the  posterior  wall  of  the  globe 
by  an  orbital  mass.  Such  lesions  can  be  detected 
and  characterized  at  the  time  of  the  initial  exam- 
ination with  timely  referral  of  the  patient  for 


directed  follow-up  studies  and  optimal  manage- 
ment by  a  specialist. 


Fig.  1  B-scan  of  flattening  of  posterior  globe  wall 

(arrows) 
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Case  Study  18 

Choroidal  Folds  and  Orbital  Lymphoma 


CC  is  a  34-year-old  man  who  presented  to  his 
ophthalmologist  with  the  complaint  of  "a  little  dis- 
tortion of  the  vision  in  the  right  eye."  Examination 
found  best  corrected  vision  20/20-2  OD  and  20/20 
OS.  No  afferent  pupil  defect  was  noted,  and  the  eye 
appeared  normal  except  for  the  presence  of  mod- 
erate choroidal  folds.  Exophthalmometry  was  not 
performed.  B-scan  was  performed,  and  a  low  reflec- 
tive retrobulbar  lesion  was  immediately  detected 
(Fig.  1).  The  differential  diagnosis  included  a  cys- 
tic lesion,  but  lymphoma  could  not  be  ruled  out. 
The  patient  was  referred  to  an  orbital  surgeon  who 
performed  a  biopsy  with  a  pathological  diagnosis 
of  lymphoma. 

The  ability  of  A- scan  to  display  internal  struc- 
ture of  orbital  tumors  is  very  helpful  in  the  differ- 
ential diagnosis  of  such  lesions.  The  most  common 
primary  tumor  of  the  orbit  in  adults  is  the  cavern- 
ous hemangioma,  and  the  A- scan  pattern  is  almost 
pathognomonic. 


Fig.  1  B-scan  of  orbital  mass  (arrow) 
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Case  Study  19 

Cavernous  Hemangioma 


RJ  is  a  56-year-old  woman  who  was  told  by  her 
daughter  that  her  right  eye  "looked  bigger  than 
her  left."  She  consulted  her  primary  care  doctor 
who  told  her  she  probably  had  Graves'  disease 
because  of  a  history  of  thyroid  problems,  includ- 
ing treatment  for  hyperthyroidism  with  radioac- 
tive iodine  131  a  number  of  years  ago.  An 
ophthalmologist  was  consulted  who  performed  an 
examination  and  confirmed  the  presence  of  5  mm 
of  proptosis  in  her  right  eye.  The  remainder  of  the 
examination  was  normal  including  visual  acuity 
in  both  eyes  of  20/20. 

B-scan  showed  an  oval  encapsulated  intraconal 
mass  of  over  20  mm  in  diameter.  A-scan  demon- 


strated high  internal  reflectivity  in  the  anterior  part 
of  the  lesion  with  a  progressive  decrease  in  spike 
height  towards  its  posterior  aspect  (Fig.  1).  No 
spontaneous  vascularity  was  noted,  and  the  tumor 
decreased  in  size  about  20  %  when  moderately  firm 
pressure  was  applied  with  the  ultrasound  probe 
against  the  globe.  These  findings  were  highly  con- 
sistent with  a  cavernous  hemangioma,  and  subse- 
quent surgical  excision  confirmed  this  diagnosis. 

Lacrimal  gland  enlargement  by  inflammatory  or 
neoplastic  involvement  is  a  relatively  common 
cause  of  temporal  lid  swelling  in  mild  cases  with 
inferior  displacement  of  the  globe  in  moderate- 
to- severe  involvement  of  the  gland. 


Ml 

Hi  1 


Fig.  1  Left'.  A-scan  of  cavernous  hemangioma  (vertical  arrows).  Right:  B-scan  of  the  same  lesion  (arrows) 
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Case  Study  20 

Pleomorphic  Adenoma  of  Lacrimal  Gland 


KR  is  a  28-year-old  man  who  noted  some  full- 
ness in  the  outer  part  of  his  left  upper  lid.  He 
thought  he  could  feel  some  firmness  and  mild 
tenderness  just  below  the  upper  outer  rim  of  the 
orbital  bone.  Examination  by  his  ophthalmolo- 
gist confirmed  these  findings  with  inferior  dis- 
placement of  the  globe  by  2  mm.  Echography 
was  performed  in  the  office  and  showed  enlarge- 
ment of  the  left  lacrimal  gland  to  18.5  mm  and 
high  internal  reflectivity,  which  became  lower  as 
the  spikes  traveled  across  the  gland  (Fig.  1).  This 
was  suspicious  for  a  benign  mixed  cell  tumor, 
and  he  was  referred  for  CT  scanning  and  then  to 
an  orbit  surgeon  for  an  en  bloc  excision  of  the 
lacrimal  gland. 

Anterior  orbital  lesions  can  involve  the  eye- 
lids with  resultant  swelling.  Echography  is  a 
very  useful  office  test  to  quickly  screen  for  such 
lesions  with  some  posterior  extension  back  into 
the  orbit.  A  relatively  common  tumor  in  children 
with  such  presentation  is  the  infantile  or  capillary 
hemangioma. 

This  can  grow  rapidly  with  a  doubling  time  of 
weeks  and  must  be  differentiated  from  more  seri- 
ous tumors  such  as  rhabdomyosarcoma. 


Fig.  1  A- scan  of  pleomorphic  adenoma  of  the  lacrimal 
gland  (vertical  arrows) 
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Parti 

Indications  for  Ophthalmic  Ultrasound 


Who  Really  Needs  Ultrasound? 

There  are  numerous  clinical  applications  of  ocular 
ultrasound.  However,  many  clinicians  complete  their 
training  with  minimal  exposure  to  echography 
beyond  that  for  biometry  and  do  not  appreciate  the 
value  of  this  technology  in  their  practices.  The  occa- 
sional patient  in  the  general  eye  practice  who  is  per- 
ceived to  need  an  imaging  study  is  referred  for 
computerized  tomography  (CT)  or  magnetic  reso- 
nance imaging  (MRI)  scanning,  which  are  readily 
accessible  in  developed  countries.  The  potpourri  of 
diagnostic  imaging  modalities  with  insurance  cover- 
age is  potentially  subject  to  overuse.  It  is  tempting  to 
order  MRI  scans  for  headaches,  CT  scans  for  pains 
around  the  eye,  and  carotid  Doppler  duplex  scanning 
for  vision  disturbances.  In  many  cases,  a  careful  his- 
tory and  physical  examination  combined  with  the  use 
of  ultrasound  can  correctly  diagnose  the  problem 
without  the  need  for  more  expensive  studies. 

The  general  ophthalmologist  sees  patients  on  a 
daily  basis  who  have  symptoms  related  to  the  eyes  or 
paraocular  structures  that  can  be  clarified  by  the  use 
of  ultrasound.  Common  complaints  encountered  in 
the  clinic  include  pain  in  and  around  the  eye;  double 
vision;  various  forms  of  flashes,  floaters,  and  geo- 
metric shapes  such  as  curves,  shadows,  and  scoto- 
mata;  bulging  eyes;  and  lumps  and  bumps  around  the 
eyes.  Also,  ocular  examination  may  reveal  problems 
of  which  the  patient  may  not  be  aware,  such  as  iris 
and  posterior  segment  lesions,  elevated  optic  nerve 
heads,  proptosis,  and  subtle  ptosis. 

This  book  utilizes  both  B  and  A-scan  images.  Most 
practitioners  are  familiar  with  the  B-scan  which  is  basi- 
cally an  acoustic  section  through  the  eye.  The  A-scan  is 
based  on  the  same  principles  of  sound  reflection  as  the 
B-scan  but  displays  the  image  as  a  series  of  vertical 


lines  which  can  add  significant  diagnostic  information 
in  the  evaluation  of  ocular  and  orbital  pathological  con- 
ditions. The  following  are  A-  and  B-scan  images  of  a 
normal  eye  (Fig.  1).  The  principles  of  these  different 
modalities  are  discussed  further  in  Part  II. 


Fig.  1  Top:  B-scan  initial  signal  from  probe  (first  arrow), 
vitreous  cavity  (second  arrow),  and  retinochoroid  layer 
(third  arrow).  Bottom:  A-scan  initial  signal  (first  arrow), 
vitreous  cavity  (second  arrow),  and  retinochoroid  layer 
(third  arrow) 
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Case  Study  21 

Infantile  Hemangioma 


SF  is  a  6-month-old  girl  who  was  noted  by  her 
parents  to  have  a  fullness  of  her  left  lower  lid  that 
increased  when  she  was  crying.  This  had  become 
more  prominent  over  a  few  weeks  to  the  point  that 
several  relatives  had  commented  on  it.  The  pediatri- 
cian was  consulted,  and  he  ordered  a  CT  scan  that 
showed  some  nonspecific  fullness  of  the  lid  but  no 
distinct  mass  was  seen.  The  child  was  referred  to  an 
ophthalmologist  who  performed  an  ultrasound. 

A-scan  showed  a  moderately  soft  lesion  measuring 
15.5  mm  in  anterior-to-posterior  dimensions  with 
irregular  internal  reflectivity  (Fig.  1).  An  obstetrical 
acoustic  Doppler  unit  with  a  small  probe  adapted  for 
the  orbit  demonstrated  rapid  arterial  blood  flow 
within  the  more  central  part  of  the  lesion.  These  find- 
ings were  highly  consistent  with  an  infantile  or  capil- 
lary hemangioma,  and  she  was  referred  to  a  pediatric 
ophthalmologist  for  steroid  injection  into  the  tumor. 

Echography  has  the  highest  specificity  of  all  the 
imaging  studies  for  the  diagnosis  of  infantile  hem- 
angioma. The  irregular  internal  reflectivity  on 


A-scan  is  a  result  of  the  tissue  architecture  of  these 
lesions  with  cellular  areas  (lower  reflectivity)  inter- 
spersed with  vascular  channels  (Fig.  2).  They  typi- 
cally demonstrate  relatively  high  arterial  blood 
flow  on  Doppler  studies  as  opposed  to  the  stagnant 
venous  flow  of  the  cavernous  hemangiomas  seen  in 
older  children  and  adults.  They  may  be  found  in  the 
posterior  orbit  but  more  commonly  present  as  a 
"strawberry"  lesion  visible  under  the  eyelid  skin. 

The  preceding  are  examples  of  the  value  of  oph- 
thalmic echography  in  the  clinical  setting.  The 
practitioner  who  invests  the  time  and  effort  in  learn- 
ing this  technique  will  realize  an  immediate  benefit 
in  daily  clinical  practice.  This  book  will  provide  an 
in-depth  view  of  this  important  modality. 


Fig.2  i .  i  A-scan  of  infantile  hemangioma  (vertical  arrows)    Fig. 2 1 .2  Pathology  slide  of  infantile  hemangioma 
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Part  II 

Basic  Principles 


The  fundamental  physical  principle  underlying  diag- 
nostic ultrasound  as  used  in  a  number  of  medical 
disciplines  is  the  generation  of  sound  waves  at  fre- 
quencies above  the  range  of  human  hearing  (greater 
than  20,000  Hz  or  20  KHz)  by  the  vibration  of  a  thin 
crystal  stimulated  by  pulses  of  electric  current.  The 
waves  of  sound  then  propagate  through  a  medium 
and  are  reflected  by  tissue  surfaces  back  to  the  rest- 
ing crystal  that  is  then  made  to  vibrate,  generating 
electrical  impulses  that  are  amplified  and  processed 
to  show  a  pattern  on  an  oscilloscope  screen. 

The  following  images  were  created  in  the  1970s 
using  miles  movie  film  and  then  condensed  into  a 
film  of  only  a  few  minutes  (Figs.  1  and  2).  Pulsed 
sound  is  what  is  used  in  ophthalmology  because  the 
transducer  not  only  sends  out  a  pulse  of  focused 
sound,  it  also  waits  and  listens  for  the  returned  echo 
signal,  hence,  the  name  pulser-receiver  system. 
Each  time  the  pulse  of  sound  strikes  an  interface, 
some  is  reflected  back  to  be  displayed  and  some 
goes  on  to  deeper  tissues,  but  with  slightly  less 
energy.  These  reflections  can  also  reverberate  in 
between  various  structures  and  be  changed  by  the 
surface  shape  and  texture.  The  eye  contains  both 
flat  sheetlike  structures  such  as  membranes  as  well 
as  curved  ones  such  as  the  cornea,  lens,  and  the 
globe  itself.  Some  tissues  are  smooth  which  will 
better  reflect  echoes  than  those  with  a  rough  tex- 
ture, like  pigment  cells  on  an  anterior  lens  capsule, 
for  example. 

The  history  of  ultrasound  in  ophthalmology  is  a 
relatively  recent  one.  The  principles  of  ultrasound 
were  understood  in  the  late  1800s  and  were  utilized 


Fig.  1  A  pulsed  sound  beam  emitted  from  the  transducer 
at  the  top  is  perpendicular  to  multiple  interfaces.  Echoes 
are  reflected  back  in  the  same  direction  and  are  "heard" 
by  the  same  transducer 


Fig.  2  The  sound  beam  is  oblique  to  multiple  interfaces. 
Echoes  are  produced  but  not  heard  by  the  transducer  and 
are  therefore  not  seen  on  display 


This  part  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


to  develop  sonar  for  submarine  warfare  in  World 
Wars  I  and  II.  During  this  time,  industry  adapted 
the  technology  for  the  detection  of  flaws  in  materi- 
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Part  II.  Basic  Principles 


als.  The  first  paper  describing  the  ocular  use  of  the 
"reflectoscope"  by  Mundt  and  Hughes  appeared  in 
the  ophthalmic  literature  in  1956  [11].  They  basi- 
cally described  the  use  of  the  A- scan  to  image  vari- 
ous ocular  structures  and  abnormalities.  An 
adaptation  of  the  instrument  was  also  used  about 
this  time  to  image  gallstones  in  a  patient  with 
cholelithiasis. 

Diagnostic  echography  now  has  widespread 
application  in  medicine,  mainly  in  the  specialties  of 
obstetrics  and  gynecology,  cardiovascular  disease, 
peripheral  vascular  disease,  gastroenterology,  neu- 
rology, and  urology.  The  frequencies  used  for  non- 
ophthalmic  organ  systems  usually  are  in  the  range 
of  3-5  MHz  to  allow  deep  penetration  into  such 
areas  of  the  body  as  the  abdomen.  Higher  frequen- 
cies than  this  provide  better  resolution  but  poor 
penetration  into  the  depths  required  for  the  exami- 
nation of  most  organ  systems.  The  resolution  pos- 
sible in  the  examination  of  the  eye  is  much  higher 
than  in  other  parts  of  the  body.  The  globe  is  mostly 
a  fluid-filled  structure  that  is  ideal  for  the  propaga- 
tion of  ultrasound.  The  8-10-MHz  frequencies 
used  mostly  for  the  examination  of  the  posterior 
segment  resolves  structures  as  small  as  0.10  mm. 
The  50-MHz  ultrasound  biomicro scope  (UBM) 
probe  used  for  anterior  segment  scans  enables  reso- 
lution on  the  micron  scale  (less  than  40  um).  Such 
imaging  capability  allows  the  diagnosis  of  lesions 
on  almost  a  histopathologic  level  and  is  reflected  in 
the  99.7  %  diagnostic  accuracy  for  choroidal  mela- 
noma as  reported  in  the  Collaborative  Ocular 
Melanoma  Study  (COMS). 

Ophthalmic  echography  has  advantages  over 
other  imaging  techniques  in  the  clinical  practice  of 
ophthalmology.  An  instrument  that  is  readily  avail- 
able, portable,  and  cost-effective  and  provides  rapid 
and  accurate  diagnosis  of  intraocular  and  orbital 
pathology  can  be  an  invaluable  aid  to  the  practicing 
clinician. 

The  diagnostic  A-scan  probe  (Fig.  3)  has  a  wafer- 
thin  ceramic  crystal  near  the  tip  that  is  stimulated 
by  bursts  of  electric  current  to  vibrate  at  a  frequency 
of  8  MHz  (eight  million  cycles  per  second).  The 
crystal  converts  this  electrical  energy  into  sound 
energy,  and  then  the  same  crystal  receives  the 
reflected  sound  waves.  Its  mechanical  vibrations 
are  converted  to  an  electric  current.  This  is  called 
the  piezoelectric  effect,  where  the  same  crystal  acts 
as  sender  and  receiver  of  sound.  The  transducer 


Fig.  3  A-scan  probe 


Fig.  4  B-scan  probe 

transmits  sound  waves  for  about  4  %  of  the  time.  Its 
vibrations  are  then  damped,  and  it  receives  the 
reflected  sound  waves  for  the  remaining  96  %  of 
the  time.  The  returning  sound  wave  is  amplified 
and  displayed  on  a  screen  as  vertical  lines  of  vari- 
ous heights.  The  amplitude  of  each  spike  is  related 
to  the  strength  of  the  reflection  from  tissue  inter- 
faces from  which  it  is  reflected. 

The  B-scan  probe  (Fig.  4)  uses  a  transducer  simi- 
lar to  that  of  an  A  probe,  but  it  sweeps  back  and 
forth  at  a  rate  of  10-25  oscillations  per  second.  It 
generates  sound  waves  at  a  frequency  of  from  10 
to  20  MHz  (10-20  million  cycles  per  second).  The 
returning  echoes  are  processed  to  display  bright 
dots  on  a  screen  which  are  combined  to  generate 
an  image.  This  generates  a  series  of  echoes  that 
are  processed  like  pixels  on  a  computer  screen  to 
generate  an  image.  The  brightness  of  the  image  is 
correlated  to  the  strength  of  the  sound  reflection 
corresponding  to  the  height  of  the  vertical  spike 


Part  II.  Basic  Principles 

on  the  A- scan  image.  Current  generation  B-scan 
probes  are  sealed  and  oil  filled,  unlike  previous 
versions  that  had  to  be  injected  with  distilled  water 
before  each  use. 

Most  ophthalmologic  ultrasound  units  are  sold 
primarily  for  the  B-scan  capability.  Practitioners 
are  generally  most  comfortable  with  B-scan  images 
because  of  the  recognizable  topography  displayed 
on  the  screen,  as  opposed  to  the  unfamiliar  vertical 
spikes  of  the  A- scan.  This  is  especially  true  for  a 
generation  familiar  with  the  imaging  capabilities  of 
CT  and  MRI  scans.  These  modalities  "cut"  radio- 
logic sections  through  structures,  and  the  medically 
trained  mind  is  comfortable  mentally  reconstruct- 
ing the  entire  lesion  from  a  compilation  of  these 
slices.  Three-dimensional  (3D)  imaging  is  evolving 
that  does  such  reconstruction  with  computer  graph- 
ics, but  most  CT  scans  are  currently  displayed  as 
a  series  of  tissue  slices.  The  ultrasound  B-scan  is 
based  on  the  same  principle  of  image  processing, 
although  by  acoustic  instead  of  radiologic  section- 
ing. An  A-scan  acts  more  like  penetrating  tissue 
with  a  needle  to  take  a  "core"  sample  for  biopsy 
versus  "slicing"  sections  of  the  tissue  with  the 
B-scan. 

An  example  of  the  A-  versus  B-scan  dichotomy 
is  the  familiar  mushroom  shape  of  a  choroidal  mel- 
anoma as  it  breaks  through  Bruch's  membrane  that 
is  immediately  evident  to  the  untrained  eye  on  the 
B-scan  but  displays  only  a  series  of  vertical  internal 
spikes  on  the  A-scan  (Fig.  5).  However,  the  diag- 
nostic information  contained  in  all  of  those  "danc- 
ing" lines  on  the  A-scan  is  the  major  reason  for  the 
99.7  %  accuracy  of  the  diagnosis  of  melanomas 
reported  in  the  recently  completed  COMS  study. 

Karl  Ossoinig  pioneered  the  concept  of  standard- 
ized echography  and  much  of  his  work  concentrated 
on  the  A-scan.  His  criteria  for  the  characterization 
of  numerous  intraocular  and  orbital  lesions  are 
based  on  the  use  of  a  standardized  A-scan  tech- 
nique, including  an  S -shaped  amplifier  in  the  unit 
that  combines  features  of  linear  and  logarithmic 
amplifiers.  An  examiner  cannot  take  the  criteria  he 
developed  and  use  them  successfully  to  diagnose 
pathology  unless  an  A-scan  is  used  based  on  these 
principles.  There  are  several  units  produced  that 
utilize  separate  A-  and  B-scan  probes  that  can  be 
reliably  used  to  evaluate  lesions  based  on  the  crite- 
ria of  Ossoinig.  Several  companies  produce  excel- 
lent ophthalmic  ultrasound  units  that  are  modular  in 
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Fig.  5  Top:  A-scan  of  malignant  melanoma  of  the  cho- 
roid (arrows).  Bottom:  B-scan  of  the  tumor  (arrow) 

design  with  the  option  to  add  features  to  the  basic 
unit  as  need  and  budgets  allow.  It  is  highly  advanta- 
geous to  have  separate  diagnostic  A-  and  B-scan 
probes  with  individual  signal  processors. 

The  A-scan  displays  the  reflected  signals  as 
vertical  lines.  It  is  like  freezing  the  B-scan  trans- 
ducer so  it  does  not  oscillate  and  recoding  the  sig- 
nals from  that  point  as  a  line  instead  of  a  grayscale 
dot.  The  height  of  the  vertical  line  is  a  function  of 
the  reflectivity  of  the  interface  as  is  the  brightness 
of  the  B-scan  dot.  The  physical  basis  for  the  inten- 
sity of  the  reflected  signal  is  impedance.  The  equa- 
tion Z  (impedance)  =  sound  velocity  (v)x  tissue 
density  (d)  describes  the  physical  basis  for  ultra- 
sound reflection  from  the  interface  between  tissues. 
The  greater  the  difference  in  impedance  between 
two  different  media,  the  higher  the  A-scan  spike  or 
the  brighter  the  B-scan  dot.  The  result  of  this  prin- 
ciple is  that  there  is  greater  reflection  of  sound 
waves  when  they  are  travelling  through  tissue  at  a 
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Fig.  6  Choroidal  detachment  (first  arrow),  vitreous  hem- 
orrhage (second  arrow),  and  subretinal  exudates  (third 
arrow) 

specific  velocity  and  then  spread  through  a  differ- 
ent tissue  at  a  different  velocity  unique  to  that  tis- 
sue. This  change  in  velocity  results  in  sound 
reflection  from  the  interface  between  the  two  tis- 
sues; the  greater  the  change  in  velocity,  the  stronger 
the  reflection.  Figure  6  illustrates  various  degrees 
of  B-scan  brightness  as  the  sound  beam  is  reflected 
from  different  tissue  interfaces. 

The  interface  between  the  vitreous  (sound  veloc- 
ity 1,532  m/s)  and  a  densely  cellular  tumor,  such  as 
malignant  melanoma  (1,550  m/s),  with  a  relatively 
smooth  surface  results  in  strong  sound  reflection. 
When  the  sound  beam  is  directed  perpendicular  to 
the  tumor,  it  is  reflected  back  directly  into  the 
probe.  A  large  percentage  of  the  returning  sound 
energy  is  then  amplified  to  give  a  steeply  rising 
echo  spike.  When  the  beam  is  angled  more 
obliquely  to  the  surface,  some  energy  is  lost  due  to 
reflection  away  from  the  probe,  and  the  echo  spikes 
are  lower  in  amplitude  and  less  steeply  rising 
(Fig.  7).  This  effect  is  based  on  Snell's  law  of 
reflection,  which  he  derived  for  light  rays  but  is 
equally  applicable  to  sound.  His  equation  stating 
that  the  angle  of  incidence  equals  the  angle  of 
reflection  gives  the  result  of  maximal  reflection 
from  the  surface  reflecting  the  wave.  The  oblique 
sound  beam  direction  results  in  an  erroneous  char- 
acterization of  the  internal  reflectivity  pattern. 

It  is  common  for  ophthalmic  ultrasound  equip- 
ment to  have  a  vector  A-scan  superimposed  on  the 
screen  with  the  B-scan  image.  The  same  probe  is 
utilized  for  both  and  the  signal  is  processed  by  the 
same  unit  to  display  the  B-scan  in  the  center  of  the 
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Fig.  7  Top:  sound  beam  perpendicular  to  tumor  surface 
(first  arrow).  Bottom:  sound  beam  oblique  to  same  tumor 
surface  (first  arrow)  and  sclera  (second  arrow) 

screen  and  a  small  A-scan  tracing  at  the  bottom.  The 
A-scan  tracing  is  derived  from  the  B-scan  vector 
envelope  and  is  not  a  stand-alone  signal.  A  vector 
(line)  can  be  displayed  to  cut  through  a  given  section 
of  the  B-scan  image  and  the  corresponding  A-scan 
display  can  theoretically  be  analyzed  for  internal 
frequency  characteristics.  This  seems  advantageous 
in  principle,  but  in  practice  the  quality  of  the  A-scan 
is  such  that  meaningful  information  about  the  inter- 
nal characteristics  of  any  lesion  is  suboptimal. 
Figure  8  illustrates  the  difference  in  diagnostic  use- 
fulness between  a  dedicated  A-scan  image  and  one 
derived  from  an  A/B  vector.  This  type  of  A-scan  is 
not  useful  in  evaluation  of  the  orbit. 

It  is  a  common  misconception  worldwide  that 
adding  a  simultaneous  "cross-vector"  A-scan  to  a 
posterior  B-scan  will  produce  diagnostically  useful 
information.  Standardized  diagnostic  A-scan  is  a 
completely  different  type  of  exam  using  an  8 -MHz 
unfocused  A-scan  probe,  a  unique  amplification  sys- 
tem, and  a  precise  level  of  gain  called  tissue 
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Fig.  8  Top:  B-scan  with  superimposed  vector  A-scan  of 
choroidal  melanoma  {vertical  arrows).  Bottom:  standard- 
ized A-scan  of  the  same  tumor  demonstrating  typical 
internal  reflectivity  {vertical  arrows) 

sensitivity  used  for  each  and  every  patient  to  ensure 
consistency.  Therefore,  the  vector  A-scan  produced 
from  a  10  to  12-MHz  focused  posterior  B-scan  probe 
is  not  considered  diagnostic  (Fig.  9).  The  incorrect 
belief  is  that  an  unknown  membrane  (e.g.,  posterior 
hyaloid  with  adherent  blood  cells  or  a  retinal  detach- 
ment) may  be  evaluated  by  adding  the  vector  A-scan. 
The  thought  is  that  seeing  a  tall  echo  indicates  a  reti- 
nal detachment.  Unfortunately,  this  is  not  the  case. 
Inconsistent  gain  levels  can  make  a  PVD  with  hem- 
orrhage appear  as  bright  as  a  retina,  especially  poste- 
riorly. Similarly,  high  gain  can  make  a  melanoma's 
vector  A-scan  have  high  internal  reflectivity  and 
look  like  a  hemangioma,  whereas  low  gain  could 
make  a  hemangioma  have  low  internal  reflectivity 
and  look  like  a  melanoma.  Cross-vector  A-scan 
should  not  be  used  for  tissue  characterization.  That 
is  the  realm  of  standardized  diagnostic  A-scan. 
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Fig.  9  Simultaneous  cross- vector  A-scan  through  a  retained 
lens  fragment  shows  medium-to-high  reflectivity  but  is  not 
considered  diagnostic.  A-scan  amplitude  can  be  misleading 
because  of  gain  value  and  amplifier  characteristics 

One  possible  exception  to  the  disadvantage  of  a 
superimposed  vector  A-scan  is  its  use  in  measuring 
the  axial  length  of  an  eye  with  a  posterior  staphy- 
loma. It  is  difficult  to  be  certain  that  the  sound  beam 
of  an  A-scan  biometer  is  congruent  with  the  fovea 
on  the  sloping  side  of  a  staphyloma.  However,  with 
a  combined  A-  and  B-scan  unit,  the  B-scan  can  be 
used  to  image  the  macula  and  then  the  vector 
A-scan  superimposed  on  it  (Fig.  10).  Roldivar 
states  that  the  accuracy  of  this  technique  is  ques- 
tionable as  the  fovea' s  location  in  the  depths  of  the 
staphyloma  is  difficult  to  determine  exactly  [12]. 
Experienced  echographers  feel  that  by  aligning  the 
beam  with  the  double-peaked  cornea,  anterior  and 
posterior  lens,  and  retina  spikes,  a  reasonable  esti- 
mate of  the  anatomic  axial  length  can  be  obtained. 
In  addition,  many  A-scan  biometry  probes  have  a 
fixation  light  in  the  tip  that  enables  the  measure- 
ment of  the  true  visual  axis  in  those  patients  capa- 
ble of  fixation  on  the  light. 

A-scan  biometry  units  utilize  probes  optimally 
focused  for  measuring  from  the  anterior  corneal 
surface  to  the  retinal  surface.  Such  a  probe  could 
detect  an  abnormality  such  as  a  tumor  only  if  a  sys- 
tematic examination  of  the  eye  was  performed.  The 
standard  axial  measurement  of  the  globe  could  only 
display  a  lesion  such  as  a  tumor  if  it  were  large  and 
in  the  area  of  the  macula.  Such  pathology  would 
usually  result  in  difficulty  in  obtaining  axial  mea- 
surements and  not  be  diagnostic  of  a  tumor. 
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Fig.  10  Vector  A-scan  through  staphyloma  (horizontal 
small  arrow  at  cornea  and  large  arrow  at  macula) 


Fig.  11  A-scan  axial  length  (arrows  at  cornea,  anterior 
and  posterior  lens,  and  retina) 


Diagnostic  A-  or  B-scan  would  be  required  to  char- 
acterize the  lesion.  There  are  a  number  of  reported 
cases  of  intraocular  tumors  that  were  not  detected 
until  after  the  removal  of  a  cataract.  Preoperative 
biometry  failed  to  alert  the  examiner  to  the  pres- 
ence of  the  lesion  [13]. 

The  axial  length  of  the  eye  is  most  accurately 
measured  when  the  sound  beam  is  directed  perpen- 
dicular to  the  corneal  surface.  The  screen  displays  a 
double-peaked  corneal  spike,  steeply  rising  and 
highly  reflective  anterior  and  posterior  lens  spikes, 
and  a  steeply  rising  maximally  high  retinal  spike 
(Fig.  11).  Measurements  of  any  ocular  or  orbital 
structure  are  most  accurate  when  the  sound  beam  is 
maximally  perpendicular  to  the  surface.  This  is 
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theoretically  possible  in  the  orbit  because  of  sound 
beam  refraction  even  though  the  probe  applied  to 
the  globe  must  be  angled  obliquely  to  the  optic 
nerve  or  extraocular  muscles.  Refraction  of  the 
sound  beam  by  orbital  tissue  bends  it  in  a  direction 
that  is  perpendicular  to  the  structure  being  exam- 
ined, such  as  the  optic  nerve  sheath  [14]. 

Technique 

Most  ocular  and  orbital  pathology  is  optimally  eval- 
uated by  A-  and  B-scan  during  the  same  patient 
encounter.  The  preferred  approach  is  to  use  the 
B-scan  to  detect  abnormalities  and  obtain  a  gestalt 
of  the  general  shape  and  structural  relationships.  In 
the  examination  of  the  globe,  the  vitreous  cavity  is 
observed  for  sound  reflections  above  the  baseline 
while  simultaneously  watching  the  fundus  for  irreg- 
ularities of  the  normal  smooth  convex  shape.  Any 
abnormalities  detected  during  the  initial  screening 
are  then  studied  in  greater  detail  using  longitudinal 
and  transverse  B-scan  positions.  The  A-scan  is  then 
applied  to  the  eye,  and  a  brief  screening  scan  may  be 
performed  in  the  eight  meridians  as  a  double  check 
on  anything  that  may  have  been  missed  on  the 
B-scan.  This  step  is  not  essential,  however,  and  it  is 
usually  sufficient  to  direct  the  A  probe  to  the  abnor- 
mality detected  on  the  B-scan  examination.  It  is 
very  important  to  maximize  perpendicularity  to  the 
lesion  with  the  A-scan,  and  adequate  time  and  effort 
should  be  expended  until  this  is  accomplished. 

The  most  important  goal  of  any  scanning  tech- 
nique is  to  perform  examinations  in  a  consistent 
manner.  This  ensures  a  thorough  and  accurate 
observation  of  all  parts  of  the  globe  and  orbit.  There 
are  many  different  ways  to  approach  this  challenge, 
and  presented  here  is  one  reliable  method.  Clinics 
throughout  the  world  use  a  wide  variety  of  exam 
protocols.  If  you  choose  a  different  method,  be  cer- 
tain that  it  is  both  systematic  and  includes  all  com- 
ponents of  a  complete  exam. 

The  fear  of  missing  pathology  is  a  valid  one  to 
have.  Knowing  and  routinely  using  a  systematic 
protocol  ensures  a  proficient  and  complete  evalua- 
tion of  the  patient.  There  is  no  such  thing  as  a 
"quick  B-scan,"  as  all  patients  deserve  a  thorough 
exam.  When  presented  with  a  particularly  challeng- 
ing case,  consult  someone  with  more  ultrasound 
experience  for  his  or  her  input. 
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When  available,  attend  B-scan  courses  and  lectures, 
and  watch  training  videos  on  the  Internet  to  find  new 
ideas  and  learn  from  interesting  case  studies  such  as 
are  found  in  this  book.  Lastly,  whenever  possible, 
examine  patients  with  clear  media  known  pathology, 
such  as  PVD,  RD,  PFV,  tear,  hemorrhage,  asteroid 
hyalosis,  and  elevated  nevus.  Start  with  a  visual 
knowledge  of  pathology  and  its  location.  Then  develop 
a  plan  for  which  probe  positions  and  eye  movements 
are  needed  to  produce  diagnostically  useful  images. 

Technology  continues  to  evolve  in  this  important 
medical  field  with  improvements  in  transducer 
design,  image  quality,  and  software  that  require 
ongoing  education.  There  is  no  end  to  learning 
about  ultrasound  imaging;  even  after  decades,  we 
often  see  something  new  and  always  learn  from  the 
experience. 

Some  basic  principles  of  ultrasound  imaging 
include  the  following: 

Ultrasound  Does  Not  Travel 
Through  Air 

Air  is  a  100  %  reflector  of  sound.  No  image  is  pro- 
duced at  all  if  an  obstructing  bubble  is  large  enough. 
Small  bubbles  or  poor  probe  contact  with  the  eye 
will  affect  a  portion  of  an  image.  Interference  from 
air  is  most  likely  when  a  bubble  is  inside  the  probe. 
This  could  occur  if  the  probe  tip  membrane  has  been 
damaged,  allowing  fluid  around  the  transducer  to 
leak  out.  A  second  source  of  air  in  the  sound's  path- 
way is  the  coupling  medium  between  probe  and 
globe  surface  or  skin  of  the  eyelids  in  special  cases 
of  recent  surgery  or  trauma.  Artificial  tear  gel  is  the 
preferred  coupling  medium  and  is  applied  to  the 
probe  tip  prior  to  exam  and  added  as  needed.  Do  not 
use  abdominal  ultrasound  gel  because  it  is  toxic  to 
the  eye.  Thirdly,  there  could  be  air  inside  an  eye,  as 
in  the  case  of  a  pneumatic  retinopexy.  An  ultrasound 
exam  in  these  cases  is  severely  limited.  In  a  penetrat- 
ing trauma,  a  small  air  bubble  may  be  misinterpreted 
as  a  foreign  body  due  to  its  strong  reflectivity,  pro- 
ducing a  bright  white  dot  on  B-scan  (Fig.  12). 

Ultrasound  Beams  Must 
Be  Perpendicular  to  Tissue 
for  Maximum  Reflection 

Similar  to  light  reflection,  when  sound  encounters 
tissue  in  a  perpendicular  direction,  the  maximum 
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Fig.  12  Residual  gas  bubble  from  a  pneumatic  retinopexy 

reflection  of  sound  will  be  produced.  The  "B"  in 
B-scan  stands  for  brightness  because  echoes  are 
displayed  as  dots  on  a  screen  with  intensities 
varying  from  black  to  white.  Images,  whether 
white,  black,  or  some  level  of  gray,  contain  maxi- 
mum clinical  data  when  the  sound  beam  is  perpen- 
dicular to  an  interface  between  two  different  tissues. 
An  oblique  beam  will  produce  a  less  clear,  there- 
fore less  diagnostic  image,  and  in  some  cases  ren- 
der the  tissue  invisible.  The  "A"  in  A-scan  stands 
for  amplitude  because  echoes  are  displayed  as  tall, 
short,  and  of  various  heights. 

When  a  gray  membranous  structure  is  seen,  ask 
two  questions:  is  it  gray  because  the  tissue  is  really 
a  low-reflective  PVD,  or  is  it  gray  because  it  is 
really  an  RD  and  the  sound  beam  is  not  perpen- 
dicular? When  the  membrane  is  bright  white  ask: 
is  it  white  because  it  really  is  a  highly  reflective 
retinal  detachment,  or  is  it  white  because  it  is  a 
PVD  with  adherent  blood  cells  and  the  gain  is 
high? 

Echoes  Are  Produced  when  Sound 
Beams  Cross  a  Tissue  Interface 

When  the  sound  beam  is  perpendicular  to  an  inter- 
face between  two  different  tissues,  a  reflection 
(echo)  is  produced.  The  greater  the  difference 
between  these  tissues  at  the  interface,  the  stronger 
the  echo  will  be.  For  example,  the  difference 
between  vitreous  and  retina  is  large,  so  a  bright 
(B-scan)  or  tall  (A-scan)  echo  is  produced;  how- 
ever, the  difference  between  vitreous  and  a  fresh 
hemorrhage  is  low,  so  the  echoes  produced  are  dim 
(B-scan)  or  short  (A-scan). 
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Fig.  13  Top:  calcified  optic  nerve  head  drusen  at  full  gain 
{arrow).  Bottom:  calcified  drusen  at  low  gain  in  the  same 
patient 

Gain  and  Sensitivity 

Gain  is  often  called  the  volume  control  on  an  ultra- 
sound instrument.  High  gain  is  used  to  image  small 
differences  in  tissues  at  an  interface  like  fresh 
blood,  inflammatory  cells,  and  floaters.  Gain  is  also 
called  sensitivity  as  in  the  tissue  sensitivity,  a  spe- 
cific gain  value  used  for  standardized  diagnostic 
A- scan  exams.  Turning  down  the  gain  will  increase 
resolution  as  smaller  echoes  disappear.  Low  gain  is 
useful  in  determining  maculopathy  and  produces  a 
clearer  image  of  vitreoretinal  traction  and  lesions. 
Lowering  the  gain  will  also  improve  imaging  of 
foreign  bodies  and  calcification  (Fig.  13).  In  evalu- 
ating papilledema,  low  gain  makes  optic  nerve  dru- 
sen stand  out  as  a  bright  white  spot.  Adjust  the  gain 
throughout  every  exam  as  different  areas  and  tis- 
sues are  examined.  Turning  the  gain  up  or  down 


does  not  change  the  amount  of  sound  entering  the 
eye;  it  only  changes  what  strength  of  echo  you 
choose  to  display  at  the  moment. 

Velocities  and  Measurements 

Ultrasound  travels  at  different  speeds  through  dif- 
ferent tissues.  Standard  ocular  velocities  used  to 
generate  measurements  in  most  instruments  are: 


1,550  m/s 

Average  "soft  tissue"  (tumor  measurements) 

1,532  m/s 

Aqueous  and  vitreous 

1,641  m/s 

Crystalline  lens 

1,000  m/s 

Average  silicone  oil  (ranges  from  986  to 

1 ,040  depending  upon  viscosity) 

The  correct  velocity  must  be  used  to  obtain  accu- 
rate measurements.  Axial  measurements  are  in  the 
same  direction  as  the  sound  beam,  like  the  height  of 
a  tumor  or  an  eye  length.  They  are  fundamentally 
based  on  a  probe's  frequency  and  the  electronic 
measurement  tolerance  of  an  instrument.  However, 
lateral  measurements,  as  in  the  base  of  a  tumor,  are 
inherently  less  accurate.  This  is  because  they  are 
most  directly  affected  by  mechanical  probe  design 
as  well  as  the  electronic  measurement  tolerance  of 
the  instrument  (Fig.  14). 

There  is  one  more  very  important  factor  that  influ- 
ences accuracy.  That  is  the  examiner's  proficiency 
in  placing  each  caliper.  Particularly  in  B-scan, 


Fig.  14  Choroidal  tumor  with  indistinct  lateral  borders 

(arrows) 


Technique 

caliper  position  is  subjective.  Lowering  gain  and 
magnifying  the  image  can  help  determine  optimum 
caliper  position.  When  following  a  lesion,  always 
review  scans  from  prior  visits  to  confirm  caliper 
position  and  measurements  to  ensure  consistency. 

Also  remember  that  there  is  a  difference  between 
precision  and  accuracy.  Precision  simply  refers  to 
obtaining  the  same  value  more  than  once.  Accuracy 
is  obtaining  the  correct  value.  A  low  standard  devi- 
ation does  not  assure  accuracy.  Accuracy  is  only 
obtained  as  a  result  of  measuring  with  optimal 
echo  patterns,  correct  velocities,  and  correct  caliper 
positions. 

Artifacts  Are  Created 
by  a  Variety  of  Sources 

Artifacts  used  to  be  called  unwanted  signals,  but 
they  are  an  excellent  source  of  information. 
Shadowing  is  a  complete  absence  of  echoes  behind 
a  total  reflector  of  sound  such  as  calcium,  foreign 
body,  or  air.  Different  types  of  reverberation  echoes 
can  indicate  what  may  have  caused  the  extra  echoes. 
For  example,  spherical  and  small  foreign  bodies 
create  a  comet's  tail  reverberation  artifact  and  are 
seen  when  imaging  an  IOL  loop  haptic  in  cross 
section. 

Unique  artifacts  are  seen  when  scanning  a  patient 
with  silicone  oil  as  a  vitreous  substitute.  The  retina 
is  displayed  far  to  the  right  making  the  eye  appear 
extremely  myopic.  Also  the  globe  shape  is  unusu- 
ally flat.  These  two  artifacts  are  caused  by  velocity 
and  refraction.  The  velocity  of  sound  through  oil  is 
2/3  slower  than  vitreous,  so  the  retina  appears  far- 
ther away.  This  is  because  our  instruments  use 
1,550  m/s  to  generate  an  anatomically  correct 
image  of  a  normal  eye  and  to  calibrate  the  millime- 
ter ruler  often  seen  on  a  display. 

Silicone  oil  also  refracts  sound,  causing  an  addi- 
tional distortion  in  globe  shape.  Another  challenge 
with  scanning  these  patients  is  when  the  oil  has 
emulsified.  This  makes  imaging  nearly  impossible. 
The  patient's  head  position  must  also  be  considered 
because  a  small  amount  of  sub-oil  aqueous  will  be 
present.  Since  oil  floats,  a  supine  patient  will  dem- 
onstrate a  very  bright  curved  echo  that  may  be  mis- 
interpreted as  retina.  This  strong  echo  is  produced 
from  the  interface  between  the  bottom  of  the  bubble 
and  the  sub-oil  aqueous  (Fig.  15).  Retina  and  orbital 


55 


Fig.  15  Patient  supine:  silicone  oil  distorts  the  image  due 
to  slower  propagation  velocity.  When  the  patient  is 
supine,  oil  floats  up  and  sub-oil  aqueous  fills  the  space 
between  the  bottom  of  the  oil  bubble  and  the  retina  {short 
arrow).  A  second,  large  reverberation  echo  from  the  pos- 
terior lens  capsule  is  seen  mid- vitreous  {long  arrow). 
Total  axial  length  appears  abnormally  long,  over  30  mm, 
due  to  sound  travelling  slower  in  oil.  The  millimeter  ruler 
is  calibrated  for  1,550  m/s  and  so  cannot  be  used  to  esti- 
mate eye  length 

signals  are  dim,  even  at  high  gain,  due  to  oil's 
absorption  of  sound.  Even  if  the  eye  is  able  to  pro- 
duce an  image  that  shows  an  attached  retina,  there 
is  no  guarantee  that  it  would  not  re-detach  once  oil 
is  removed.  Axial  eye  length  measurements,  to  cal- 
culate IOL  power  once  a  cataract  has  formed,  are 
also  challenging.  It  is  recommended  to  perform 
these  scans  in  the  older,  contact  method  with  the 
patient  seated.  This  allows  the  oil  to  be  against  the 
macula  and  sub-oil  aqueous  to  shift  inferiorly  and 
out  of  the  way  of  the  A- scan  beam  (Fig.  16).  Eye 
length  in  these  patients  should  be  automatically 
measured  after  oil  has  been  placed  in  order  to  be 
prepared  when  a  cataract  develops. 

Transducer  Frequency  and  Focusing 
Determine  Image  Depth  and  Resolution 

The  goal  is  to  select  the  most  appropriate  probe  for 
the  tissue  being  imaged.  To  do  this,  the  relationship 
between  frequency,  resolution,  and  image  depth 
must  be  considered.  As  the  probe's  transducer  fre- 
quency increases,  so  does  the  resolution.  But  depth 
of  penetration  will  decrease.  Therefore,  high  fre- 
quencies produce  higher  resolution  images  than 
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Fig.  16  Seated:  silicone  oil  distorts  image  due  to  slower 
propagation  velocity.  When  patient  is  seated,  oil  floats  up 
and  sub-oil  aqueous  has  shifted  to  the  6:00  equator 
region,  allowing  oil  to  contact  the  macula.  A  second, 
large  reverberation  echo  from  the  posterior  lens  capsule 
is  seen  mid- vitreous  in  this  horizontal  axial  (HAX)  scan. 
Total  length  appears  abnormally  long,  over  30  mm,  due 
to  sound  travelling  slower  in  oil.  To  measure  vitreous 
cavity,  place  first  caliper  on  inner  edge  of  posterior  lens 
capsule  and  second  caliper  on  presumed  macula  location, 
approximately  4-5  mm  from  center  of  optic  nerve 
shadow.  Probe  marker  is  nasal,  so  top  of  screen  is  nasal, 
bottom  is  temporal,  and  macula  appears  below  optic 
nerve  shadow.  Change  velocity  to  approximately 
1,000  m/s  to  obtain  corrected  vitreous  cavity  length.  Add 
ACD  and  lens  thickness  from  axial  length  A-scan  to 
complete  measurement  (For  more  information,  see 
"Silicone  oil-filled  eyes"  in  the  Biometry  section) 

low  frequencies.  But  high  frequencies  have  more 
shallow  imaging  depth  than  low  frequencies. 

Posterior  B-scan  probes  use  a  10-12  MHz 
range  for  general  globe/orbit  imaging,  whereas 
20  MHz  is  used  for  retinal  surface  imaging.  In  the 
10-12  MHz  range,  B-scan  systems  can  image  to  a 
depth  of  about  45  mm.  A  posterior  20  MHz  probe 
will  have  better  resolution  but  a  more  shallow  depth 
of  penetration  where  limited  orbital  echoes  are  seen 
(Figs.  17  and  18). 

Probes  for  anterior  segment  B-scan,  also  called 
UBM  for  ultrasound  biomicroscopy,  range  from 
35  MHz  to  70  MHz  and  higher.  A  35  MHz  probe 
can  routinely  see  the  posterior  lens  capsule. 
A  50  MHz  can  often  image  the  back  of  the  lens,  but 
since  sound  is  absorbed  by  cataractous  changes,  it 
may  be  difficult  to  observe  in  some  cases.  50  MHz 
is  excellent  for  analysis  of  IOL  position,  iridocor- 
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Fig.  17  Posterior  12  MHz  provides  good  penetration 
depth  for  imaging  both  vitreous  and  orbit.  A  suspicious 
macular  elevation  (arrow)  and  PVD  are  seen  in  this  lon- 
gitudinal macula  scan.  Optic  nerve  shadow  is  at  the  bot- 
tom and  long  section  of  lateral  rectus  muscle  with 
inserting  tendon  is  seen  near  top  of  display.  Those  two 
landmarks  confirm  the  acoustic  section  was  directed 
through  the  macula 


Fig.  18  The  same  patient  as  above  imaged  with  posterior 
20  MHz  provides  less  penetration  but  much  higher  reso- 
lution, especially  at  the  vitreoretinal  interface  where  an 
ERM  is  clearly  seen  (arrow).  Optic  nerve  insertion  and 
lateral  rectus  inserting  tendon  also  appear  sharper,  but 
orbital  signals  are  significantly  reduced.  A  20  MHz  pos- 
terior B-scan  is  also  very  helpful  to  evaluate  the  choroid 
and  sclera  by  providing  more  detail 

neal  angle,  ciliary  body,  etc.  Using  a  very  high  fre- 
quency (VHF)  such  as  70  MHz  will  produce 
excellent  images  of  the  iris  and  cornea  but  is  too 
high  to  adequately  and  routinely  visualize  the  cili- 
ary body. 


Technique 
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Fig.  19  UBM  scan  of  anterior  segment  of  patient  with 
intraocular  contact  lens.  First  membranous  echo  above 
and  to  the  sides  of  cornea  is  from  immersion  bag  on 
UBM  probe 

Nearly  all  transducers  in  ultrasound  imaging  have 
a  focusing  lens  placed  on  their  surface.  They  are 
designed  to  create  a  Focal  Zone  that  will  be  the  seg- 
ment of  the  sound  beam  where  maximum  resolution 
is  seen.  Posterior  probes  image  deeply  and  have  a 
long  area  of  focus,  generally  the  center  1/3  of  each 
image.  The  first  1/3,  from  tip  to  15  mm,  is  called  the 
"near  field,"  and  ultrasound  images  are  blurry  and  out 
of  focus  here.  The  last  1/3  of  an  image,  from  30  to 
45  mm,  is  called  the  "far  field,"  and  images  are  out  of 
focus  here  as  well.  The  center  of  the  image,  from  15 
to  30  mm,  will  have  the  best  image  quality.  Therefore, 
it  is  the  examiner's  job  to  place  the  tissue  of  interest 
into  the  Focal  Zone  of  the  transducer  being  used. 

A  high-frequency  probe  with  a  shallow  image 
depth  will  also  have  a  shorter  Focal  Zone.  In  the  case 
of  50  MHz  UBM,  for  example,  image  depth  is  about 
10  mm  with  only  a  2  mm  zone  of  focus  in  the  center 
of  the  display.  It  is  critical  to  position  the  tissue  of 
interest  in  the  Focal  Zone  of  each  transducer  to 
obtain  diagnostically  useful  scans  (Figs.  19  and  20). 

The  technique  for  examination  of  the  globe  with 
the  B-scan  is  demonstrated  in  video  segment  1  and 
is  described  as  follows. 


Fig.  20  UBM  scan  of  anterior  segment  of  patient  with 
cataractous  lens  changes.  Reverberation  of  double  cor- 
neal echoes  appears  at  bottom  of  image.  First  membra- 
nous echo  above  and  to  the  sides  of  cornea  is  from 
immersion  bag  on  UBM  probe 

Exam  Techniques  and  Labeling 

•  Posterior  B-scan 

•  Anterior  B-scan  UBM 

•  Biometric  A-scan 

•  Diagnostic  A-scan 

Patient  Positioning  for  All  Types  of  Scans 
Position  examiner,  patient,  and  instrument  display 
monitor  so  that  only  the  examiner's  eyes  move  from 
patient  to  display.  Small  body  movements  will  inter- 
fere with  obtaining  desired  scans  and  make  micro- 
probe  adjustments  more  difficult.  Keep  one  foot  on  the 
pedal  so  that  scans  may  be  quickly  frozen.  If  movie 
mode  is  available,  freeze  the  image  after  several  good 
scans  have  been  observed.  Individual  scans  from  the 
movie  may  then  be  adjusted,  measured,  and  saved. 

Use  a  finger  of  the  other  hand  to  stabilize  the 
probe.  Hold  the  probe  as  close  to  the  tip  as  possible 
to  prevent  excessive  globe  pressure.  Instruct  the 
patient  to  report  if  pressure  is  too  great  or  if  there  is 
any  discomfort. 

Probe  Orientation  Determines 
Area  Being  Scanned  and  Labeled 
Scans  are  labeled  to  indicate  the  section  and  pri- 
mary clock  hour  displayed.  A  marker  near  the 
probe  tip  determines  image  orientation.  The  B-scan 
transducer  moves  towards  and  away  from  this  mark 
producing  a  slice  of  sound  very  similar  to  a  slit 
beam.  Think  of  the  B-scan  probe  as  a  handheld  slit 
lamp,  where  an  acoustic  section  may  be  directed 
towards  any  area  of  interest. 
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Fig.  21  Posterior  B-scan  probe  orientation  marker  indi- 
cates top  of  display 

In  posterior  B-scan,  the  probe  marker  indicates 
the  top  of  the  display  (Fig.  21).  In  anterior  B-scan 
UBM,  it  usually  indicates  the  left  of  the  display  but 
in  some  instruments  may  indicate  the  right.  It  is 
critical  to  know  where  the  mark  on  each  probe  is 
oriented.  To  confirm,  gently  touch  the  probe  mem- 
brane on  the  edge  nearest  the  marker  with  a  wet 
fingertip  or  small  bead  of  tear  gel.  Observe  move- 
ment on  the  top  of  display  in  posterior  scans.  Gently 
sliding  a  fingertip  from  the  mark  to  the  opposite 
side  will  display  movement  from  top  to  bottom  of 
the  display. 

For  UBM  probes  that  use  a  fluid-filled  bag,  per- 
form an  orientation  test  by  touching  the  membrane 
on  the  same  side  as  the  marker  (Fig.  22).  Observe 
where  on  the  display  movement  is  seen.  Most  instru- 
ments orient  the  probe  mark  to  the  left  side  of  the 
display,  but  some  orient  to  the  right.  If  using  a  scleral 
shell  for  exams,  test  orientation  by  filling  a  container 
with  water,  and  then  image  a  submerged  fingertip  or 
other  small  object  to  determine  which  side  of  the 
screen  relates  to  the  probe  marker  (Fig.  23). 
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Fig.  22  Fluid-filled  finger  cot  or  tonometer  pen  cover  is 
used  to  move  tissue  of  interest  farther  from  probe  tip  to 
be  in  the  Focal  Zone  of  transducer.  Particularly  useful  for 
pediatric  patients  and  to  evaluate  the  anterior  segment 
when  UBM  is  not  available 

Exam  Techniques  and  Labeling 

•  Posterior  B-scan 

•  Anterior  B-scan  UBM 

•  Biometric  A-scan 

•  Diagnostic  A-scan 

Patient  Positioning  for  All  Types  of  Scans 
Position  examiner,  patient,  and  instrument  display 
monitor  so  that  only  the  examiner's  eyes  move  from 
patient  to  display.  Small  body  movements  will  inter- 
fere with  obtaining  desired  scans  and  makes  micro- 
probe  adjustments  more  difficult.  Keep  one  foot 
on  the  pedal  so  that  scans  may  be  quickly  frozen. 
If  movie  mode  is  available,  freeze  the  image  after 


Posterior  B-Scan 
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Fig.  23  Scleral  shells  of  various  diameters  are  filled  with 
saline  and  used  to  perform  UBM  exams.  They  are  also 
helpful  when  a  posterior  probe  is  used  to  examine  the 
anterior  segment 

several  good  scans  have  been  observed.  Individual 
scans  from  the  movie  may  then  be  adjusted,  mea- 
sured, and  saved. 

Use  a  finger  of  the  other  hand  to  stabilize  the 
probe.  Hold  the  probe  as  close  to  the  tip  as  possible 
to  prevent  excessive  globe  pressure.  Instruct  the 
patient  to  report  if  pressure  is  too  great  or  if  there  is 
any  discomfort. 

Posterior  B-Scan 

Components  of  a  thorough  exam: 

•  Patient  eye  stationary,  probe  moves 

•  Patient  eye  moves,  probe  stationary 

•  Patient  eye  and  probe  both  stationary 

•  Systematic  protocol  and  labeling  for  OD  and  OS 

Patient  Eye  Stationary,  Probe  Moves 

Begin  each  scan  plane  having  the  patient  fixate  in  a 
certain  direction  while  the  probe  is  moved  to  sweep 
the  acoustic  section  through  each  aspect  of  the 
globe.  Images  that  best  represent  normal  structures 
or  pathology  are  labeled  and  saved. 

Patient  Eye  Moves,  Probe  Stationary 

When  a  structure  is  identified  that  may  be  mobile, 
hold  the  probe  still  and  ask  the  patient  to  direct  their 
gaze  in  a  very  specific  way  as  outlined  in  the  protocol 
described  in  section  Exam  techniques  and  labeling. 


Patient  Eye  and  Probe  Both  Stationary 

When  both  patient  and  probe  are  stationary,  it 
allows  observation  of  blood  flow  in  a  tumor, 
detached  choroid,  or  edematous  macula.  Convection 
currents  from  sub-hyaloid  heme,  post-vitrectomy 
heme,  or  inflammatory  cells  are  also  observed. 

Systematic  Protocol  and  Labeling 
for  OD  and  OS 

A  systematic  protocol  is  a  series  of  scans  performed 
on  each  and  every  patient,  with  additional  scans 
added  as  the  pathology  or  special  circumstances 
indicate.  This  ensures  a  complete  exam  of  the  globe 
and  orbit.  The  original  method  of  performing  this 
protocol  is  as  follows;  however,  some  examiners 
perform  scans  in  a  different  order.  It  is  important 
only  to  be  certain  that  all  aspects  of  the  globe  and 
orbit  are  examined  by  performing  a  minimum  num- 
ber of  scans  in  a  systematic  way. 

Holding  the  probe  in  certain  ways  allows  three 
types  of  B-scan  images  to  be  produced  (Figs.  24, 
25,  26,  27,  28,  and  29): 

1 .  Axial,  a  specific  type  of  transverse 

2.  Transverse 

3.  Longitudinal  (radial) 

Transverse  and  longitudinal  scans  are  used  to 
obtain  diagnostically  useful  images.  Directing  the 
sound  beam  around  a  crystalline  lens  is  how  most 
scans  are  performed.  In  this  way,  artifact  echoes 
created  by  refractive  properties  of  a  lens  are 
avoided.  Sound  and  light  waves  are  both  affected 
by  lenses.  Only  in  axial  scans  is  the  sound  pur- 
posely directed  through  the  lens.  Determination  of 
retinal  lesions  in  an  axial  scan  is  questionable  due 
to  peripheral  pseudo-elevations,  called  Baum's 
bumps,  caused  by  the  lens. 

Transverse  scans  image  more  than  one  clock 
hour.  They  are  labeled  with  the  center  clock  hour 
followed  by  a  notation  of  whether  the  scan  was 
from  near  the  optic  nerve  (P),  between  nerve  and 
equator  (PE),  from  the  equator  (E),  or  from  ante- 
rior (A)  with  additional  position  indicators  as 
needed. 

Longitudinal  scans  image  one  clock  hour  at  a 
time,  from  optic  nerve,  through  equator,  to  ciliary 
body.  Longitudinal  is  the  most  useful  scan  plane 
for  documenting  maculopathy,  retinal  tear,  and 
the  anterior-posterior  extent  of  a  lesion  or 
membrane. 
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Fig.  24  Horizontal  axial  B-scan,  probe  marker  is  nasal. 
Image  from  this  probe  position  produces  a  fundus  scan 
through  lens,  optic  nerve,  and  macula.  The  macula 
appears  below  nerve  shadow  on  display  and  is  labeled 
HAX  (Photo  courtesy  of  Byrne  and  Green  [18) 


Fig.  25  Plane  of  fundus  imaged  with  horizontal  axial 
probe  orientation.  This  is  same  area  of  fundus  imaged 
with  initial  horizontal  scans  of  both  superior  and  inferior 
aspects  of  globe  but  without  the  posterior  lens  echo 
(Photo  courtesy  of  Byrne  and  Green  [18]) 


Fig.  26  Transverse  B-scan  of  several  clock  hours.  In  this 
case  marker  is  superior,  probe  placed  temporally  at  9:00 
to  image  nasal  quadrant.  This  superonasal/inferonasal 
scan,  from  1:00  to  5:00,  has  3:00  in  the  center  of  the  dis- 
play. Image  from  this  probe  position  produces  a  fundus 
scan  posterior  to  the  equator  and  is  labeled  3PE  (Photo 
courtesy  of  Byrne  and  Green  [18]) 


Fig.  27  Plane  of  fundus  imaged  with  vertical  transverse 
of  nasal  quadrant  posterior  to  equator  (Photo  courtesy  of 
Byrne  and  Green  [18]) 

Systematic  Protocol 
and  Labeling  for  OD 

Probe  Position  #  1  ( OD)  Horizontal 
Transverse  of  Superior  Aspect 
with  Probe  Marker  Nasal 

•  Patient  looks  superiorly  and  holds  gaze. 

•  The  farther  away  from  the  probe  the  patient 
looks,  the  more  anterior  periphery  is  imaged. 


Posterior  B-Scan 
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Fig.  28  Longitudinal  B-scan  images  one  clock  hour 
from  posterior  to  anterior.  In  this  example,  probe  is 
placed  temporally  with  marker  directed  towards  3:00. 
This  position  produces  an  image  from  optic  nerve  dis- 
played at  bottom,  through  equator,  to  anterior  periphery/ 
ciliary  body  of  3:00.  Image  is  labeled  L3  (Photo  courtesy 
of  Byrne  and  Green  [18]) 


Fig.  29  Plane  of  fundus  imaged  with  longitudinal  of 
3:00  probe  orientation  (Photo  courtesy  of  Byrne  and 
Green  [18]) 

•  Probe  is  initially  placed  at  6:00  limbus  directed 
posteriorly. 

•  Image  the  optic  nerve  shadow  as  starting  place 
of  every  transverse  scan. 

•  Probe  is  shifted  on  sclera  in  an  arc  inferiorly 
towards  fornix  maintaining  globe  contact. 

•  Sound  beam  is  shifted  from  optic  nerve  then 
superiorly  to  the  periphery. 


•  Top  of  screen  is  nasal,  bottom  of  screen  is  tem- 
poral, and  center  of  screen  is  12:00. 

•  Scans  are  labeled  12P  (posterior/optic  nerve), 
12E  (equator),  and  12A  (anterior),  with  other 
notations  made  for  positions  such  as  12  PE 
(closer  to  the  optic  nerve  than  to  the  equator) 
and  12  EP  (closer  to  the  equator  than  to  the  optic 
nerve). 

•  To  observe  movement,  ask  patient  to  look  up 
and  left  as  well  as  up  and  right. 

Probe  Position  #  2  ( OD)  Vertical 
Transverse  of  Nasal  Aspect  with  Probe 
Marker  Superior 

•  Patient  looks  nasally  and  holds  gaze. 

•  The  farther  away  from  the  probe  the  patient 
looks,  the  more  anterior  periphery  is  imaged. 

•  Probe  is  initially  placed  at  9:00  limbus  and 
directed  posteriorly. 

•  Image  the  optic  nerve  shadow  as  starting  place 
of  every  transverse  scan. 

•  Probe  is  shifted  on  sclera  in  an  arc  temporally 
towards  lateral  canthus  maintaining  globe 
contact. 

•  Sound  beam  is  shifted  from  optic  nerve  then 
nasally  to  the  periphery. 

•  Top  of  screen  is  superior,  bottom  of  screen  is 
inferior,  and  center  of  screen  is  3:00. 

•  Scans  are  labeled  3P  (posterior/optic  nerve),  3E 
(equator),  and  3 A  (anterior),  with  other  nota- 
tions made  for  positions  such  as  3PE  (closer  to 
the  optic  nerve  than  to  the  equator)  and  3EP 
(closer  to  the  equator  than  to  the  optic  nerve). 

•  To  observe  movement,  ask  patient  to  look  up 
and  left  as  well  as  down  and  left. 

Probe  Position  #  3  ( OD)  Horizontal 
Transverse  of  Inferior  Aspect  with  Probe 
Marker  Nasal 

•  Patient  looks  down  and  holds  gaze. 

•  The  farther  away  from  the  probe  the  patient 
looks,  the  more  anterior  periphery  is  imaged. 

•  Probe  is  initially  placed  at  12:00  limbus  directed 
posteriorly. 

•  Image  the  optic  nerve  shadow  as  starting  place 
of  every  transverse  scan. 

•  Probe  is  shifted  on  sclera  in  an  arc  superiorly 
towards  fornix  maintaining  globe  contact. 

•  Sound  beam  is  shifted  from  optic  nerve  then 
inferiorly  to  the  periphery. 
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•  Top  of  screen  is  nasal,  bottom  of  screen  is  tem- 
poral, and  center  of  screen  is  6:00. 

•  Scans  are  labeled  6P  (posterior/optic  nerve),  6E 
(equator),  and  6 A  (anterior),  with  other  nota- 
tions made  for  positions  such  as  6PE  (closer  to 
the  optic  nerve  than  to  the  equator)  and  6EP 
(closer  to  the  equator  than  to  the  optic  nerve). 

•  To  observe  movement,  ask  patient  to  look  down 
and  left  as  well  as  down  and  right. 

Probe  Position  #  4  ( OD)  Vertical 
Transverse  of  Temporal  Aspect  with  Probe 
Marker  Superior 

•  Patient  looks  temporally  and  holds  gaze. 

•  The  farther  away  from  the  probe  the  patient 
looks,  the  more  anterior  periphery  is  imaged. 

•  Probe  is  initially  placed  at  3:00  limbus  and 
directed  posteriorly. 

•  In  this  gaze,  patient's  optic  nerve  is  shifted  more 
nasally  than  normal,  so  move  probe  slightly  over 
cornea  in  order  to  locate  nerve  shadow. 

•  Image  the  optic  nerve  shadow  as  starting  place 
of  every  transverse  scan. 

•  Probe  is  shifted  on  sclera  in  an  arc  nasally 
towards  medial  canthus  maintaining  globe 
contact. 

•  Sound  beam  is  shifted  from  optic  nerve  through 
macula,  then  temporally  to  the  periphery. 

•  Top  of  screen  is  superior,  bottom  of  screen  is 
inferior,  and  center  of  screen  is  9:00. 

•  Scans  are  labeled  9P  (posterior/optic  nerve),  9E 
(equator),  and  9 A  (anterior),  with  other  nota- 
tions made  for  positions  such  as  9PE  (closer  to 
the  optic  nerve  than  to  the  equator)  and  9EP 
(closer  to  the  equator  than  to  the  optic  nerve). 

•  To  observe  movement,  ask  patient  to  look  up 
and  right  as  well  as  down  and  right. 

Probe  Position  #  5  ( OD)  Longitudinal 
Macula 

•  A  macula  scan  does  not  require  such  extreme 
gaze  and  is  best  imaged  with  the  patient  in  a 
slightly  temporal  gaze. 

•  Turn  probe  90°,  marker  pointed  towards  9:00, 
and  keep  probe  close  to  limbus. 

•  Image  of  optic  nerve  near  bottom  of  screen  and 
inserting  tendon  of  lateral  rectus  muscle  anterior 
to  equator  with  macula  centered  in  display. 


•  Top  of  screen  is  anterior  periphery  of  9:00;  bot- 
tom of  screen  is  the  optic  nerve  with  macula 
located  just  above  the  optic  nerve  shadow  on 
display. 

•  Scan  is  labeled  L9  MAC. 

•  To  observe  movement,  ask  patient  to  look  in  pri- 
mary gaze  then  back  to  the  right. 

Systematic  Protocol  and  Labeling 
for  OS 

Probe  Position  #  1  ( OS)  Horizontal 
Transverse  of  Superior  Aspect  with  Probe 
Marker  Nasal 

•  Patient  looks  superiorly  and  holds  gaze. 

•  The  farther  away  from  the  probe  the  patient 
looks,  the  more  anterior  periphery  is  imaged. 

•  Probe  is  initially  placed  at  6:00  limbus  directed 
posteriorly. 

•  Image  the  optic  nerve  shadow  as  starting  place 
of  every  transverse  scan. 

•  Probe  is  shifted  on  sclera  in  an  arc  inferiorly 
towards  fornix  to  maintain  contact  with  globe. 

•  Sound  beam  is  shifted  from  optic  nerve  then 
superiorly  to  the  periphery. 

•  Top  of  screen  is  nasal,  bottom  of  screen  is  tem- 
poral, and  center  of  screen  is  12:00. 

•  Scans  are  labeled  12P  (posterior/optic  nerve), 
12E  (equator),  and  12A  (anterior),  with  other 
notations  made  for  positions  such  as  12  PE  (closer 
to  the  optic  nerve  than  to  the  equator)  and  12  EP 
(closer  to  the  equator  than  to  the  optic  nerve). 

•  To  observe  movement,  ask  patient  to  look  up 
and  left  as  well  as  up  and  right. 

Probe  Position  #2  ( OS)  Vertical 
Transverse  of  Nasal  Aspect  with  Probe 
Marker  Superior 

•  Patient  looks  nasally  and  holds  gaze. 

•  The  farther  away  from  the  probe  the  patient 
looks,  the  more  anterior  periphery  is  imaged. 

•  Probe  is  initially  placed  at  3:00  limbus  and 
directed  posteriorly. 

•  Image  the  optic  nerve  shadow  as  starting  place 
of  every  transverse  scan. 

•  Probe  is  shifted  on  sclera  in  an  arc  temporally 
towards  lateral  canthus  maintaining  globe 
contact. 


Posterior  B-Scan 
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•  Sound  beam  is  shifted  from  optic  nerve  then 
nasally  to  the  periphery. 

•  Top  of  screen  is  superior,  bottom  of  screen  is 
inferior,  and  center  of  screen  is  9:00. 

•  Scans  are  labeled  9P  (posterior/optic  nerve),  9E 
(equator),  and  9 A  (anterior),  with  other  nota- 
tions made  for  positions  such  as  9PE  (closer  to 
the  optic  nerve  than  to  the  equator)  and  9EP 
(closer  to  the  equator  than  to  the  optic  nerve). 

•  To  observe  movement,  ask  patient  to  look  up 
and  left  as  well  as  down  and  left. 

Probe  Position  #  3  ( OS)  Horizontal 
Transverse  of  Inferior  Aspect  with  Probe 
Marker  Nasal 

•  Patient  looks  down  and  holds  gaze. 

•  The  farther  away  from  the  probe  the  patient 
looks,  the  more  anterior  periphery  is  imaged. 

•  Probe  is  initially  placed  at  12:00  limbus  directed 
posteriorly. 

•  Image  the  optic  nerve  shadow  as  starting  place 
of  every  transverse  scan. 

•  Probe  is  shifted  on  sclera  in  an  arc  superiorly 
towards  fornix  maintaining  globe  contact. 

•  Sound  beam  is  shifted  from  optic  nerve  through 
macula,  then  inferiorly  to  the  periphery. 

•  Top  of  screen  is  nasal,  bottom  of  screen  is  tem- 
poral, and  center  of  screen  is  6:00. 

•  Scans  are  labeled  6P  (posterior/optic  nerve), 
6E  (equator),  and  6 A  (anterior),  with  other 
notations  made  for  positions  such  as  6PE 
(closer  to  the  optic  nerve  than  to  the  equator) 
and  6EP  (closer  to  the  equator  than  to  the  optic 
nerve). 

•  To  observe  movement,  ask  patient  to  look  down 
and  left  as  well  as  down  and  right. 

Probe  Position  #4  ( OS)  Vertical 
Transverse  of  Temporal  Aspect  with  Probe 
Marker  Superior 

•  Patient  looks  temporally  and  holds  gaze. 

•  The  farther  away  from  the  probe  the  patient 
looks,  the  more  anterior  periphery  is  imaged. 

•  Probe  is  initially  placed  at  9:00  limbus  and 
directed  posteriorly. 

•  In  this  gaze,  patient's  optic  nerve  is  shifted  more 
nasally  than  normal,  so  move  probe  slightly  over 
cornea  in  order  to  locate  nerve  shadow. 


•  Image  the  optic  nerve  shadow  as  starting  place 
of  every  transverse  scan. 

•  Probe  is  shifted  on  sclera  in  an  arc  nasally  towards 
medial  canthus  maintaining  globe  contact. 

•  Sound  beam  is  shifted  from  optic  nerve  then 
nasally  to  the  periphery. 

•  Top  of  screen  is  superior,  bottom  of  screen  is 
inferior,  and  center  of  screen  is  3:00. 

•  Scans  are  labeled  3P  (posterior/optic  nerve),  3E 
(equator),  and  3 A  (anterior),  with  other  nota- 
tions made  for  positions  such  as  3PE  (closer  to 
the  optic  nerve  than  to  the  equator)  and  3EP 
(closer  to  the  equator  than  to  the  optic  nerve). 

•  To  observe  movement,  ask  patient  to  look  up 
and  left  as  well  as  down  and  left. 

Probe  Position  #  5  ( OS)  Longitudinal 
Macula 

•  A  macula  scan  does  not  require  such  extreme 
gaze  and  is  best  imaged  with  the  patient  in  a 
slightly  temporal  gaze. 

•  Turn  probe  90°,  marker  pointed  towards  3:00, 
and  keep  probe  close  to  limbus. 

•  Image  of  optic  nerve  near  bottom  of  screen  and 
inserting  tendon  of  lateral  rectus  muscle  anterior 
to  equator  with  macula  centered  in  display. 

•  Top  of  screen  is  anterior  periphery  of  9:00;  bot- 
tom of  screen  is  the  optic  nerve  with  macula 
located  just  above  the  optic  nerve  shadow  on 
display. 

•  Scan  is  labeled  L3  MAC. 

•  To  observe  movement,  ask  patient  to  look  in  pri- 
mary gaze  then  back  to  the  left. 

Systematic  Protocol  and  Labeling  for 
Axial  and  Oblique  Transverse  Scans 

Transverse  Axial  Scans 
with  Probe  Marker  Nasal 

An  axial  B-scan  is  performed  with  copious  cou- 
pling gel  between  probe  tip  and  corneal  apex. 
Image  will  show  a  short  double  line  representing 
anterior-posterior  cornea,  centered  posterior  lens 
capsule,  and  optic  nerve  shadow  in  one  view. 
Standard  positions  are  horizontal  (HAX)  and  verti- 
cal (VAX).  Because  the  probe  marker  is  directed 
nasally  in  an  HAX  view,  the  macula  will  be  just 
below  the  optic  nerve  shadow.  Shift  the  probe  in  an 
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arc  to  the  left  and  right  in  order  to  position  the  optic 
nerve  shadow  above  center.  The  macula  will  then 
be  centered  in  the  scan. 

In  a  VAX  scan,  the  macula  is  not  imaged.  Oblique 
axial  scans  are  used  to  document  the  relationship  of 
pathology  to  the  posterior  lens  capsule  and  optic 
nerve.  These  are  labeled  with  the  clock  hour  where 
the  probe  marker  is  directed.  For  example,  a  lesion 
is  located  at  the  1:30  equator.  With  marker  directed 
at  1:30,  an  axial  scan  is  obtained  and  labeled  1:30 
AX.  The  lesion  will  appear  on  the  top  half  of  the 
display.  For  lesions  from  3:00  through  6:00  to  9:00, 
the  probe  marker  is  positioned  as  far  up  as  possible. 
For  example,  for  a  lesion  at  7:30,  the  probe  marker 
is  also  at  1 :30,  and  the  pathology  will  appear  on  the 
bottom  half  of  the  display  with  lens  and  optic  nerve 
centered.  This  scan  is  also  labeled  1:30  AX. 

Transverse  Oblique  Scans 

When  pathology  extends  through  several  clock 
hours,  an  oblique  transverse  is  often  needed  to 
completely  document  lesion  borders.  For  a  lesion  at 
1:30  equator,  place  probe  at  the  7:30  limbus  with 
marker  as  up  as  possible,  in  this  case  towards  1 1:30, 
and  sweep  from  optic  nerve  to  anterior  to  locate 
maximum  lesion  elevation.  The  lesion  should  be 
centered  in  the  display  that  spans  from  1 1:30  at  top 
of  screen  to  3:30  at  bottom  of  screen.  Scan  is 
labeled  1:30  E.  As  with  axial  scans,  the  probe 
marker  is  positioned  as  far  up  as  possible,  but  no 
lens  is  seen.  For  a  lesion  at  7:30  equator,  the  probe 
is  placed  at  1:30  with  marker  at  9:30.  Scan  will 
image  from  9:30  inferiorly  to  5:30. 

Many  echographers  also  include  four  oblique 
transverse  scans  to  their  systematic  protocol.  The 
four  oblique  scans  image  superonasal,  superotem- 
poral,  inferonasal,  and  inferotemporal  quadrants. 

Systematic  Protocol  and  Labeling 
for  Longitudinal  Scans 

Longitudinal  Scans  for  Membranes 
and  Retinal  Tears 

This  is  the  most  powerful  scan  position  for  finding  and 
documenting  the  anterior-posterior  extent  of  mem- 
branes. Longitudinal  scans  demonstrate  posterior 
attachment  or  detachment  of  a  membrane,  and  follows 
it  to  the  anterior  periphery.  This  significantly  helps  to 
differentiate  posterior  hyaloid  with  blood  from  retinal 
detachment.  Choroidal  detachments  are  clearly  seen 


inserting  at  the  vascular  arcades,  not  all  the  way  back 
to  the  optic  nerve  as  is  seen  with  many  retinal  detach- 
ments. A  PVD  with  heme  will  be  brighter  and  thicker 
posteriorly  where  it  attaches  near  the  nerve  but  will  be 
thinner  and  grayer  out  at  the  periphery  where  fewer 
cells  are  adherent  to  the  hyaloid. 

To  create  a  longitudinal  scan,  have  the  patient 
look  at  the  clock  hour  to  be  imaged,  direct  the  probe 
marker  towards  that  same  clock  hour,  and  place  the 
probe  on  the  opposite  sclera  near  the  limbus. 
Moving  the  probe  in  an  arc  closer  to  and  farther 
from  the  cornea  will  center  pathology  in  the  dis- 
play. In  order  to  observe  membrane  movement, 
have  the  patient  look  in  primary  gaze  and  then  back 
to  the  clock  hour  of  interest. 

This  is  the  only  scan  plane  that  permits  visualiza- 
tion of  peripheral  retinal  tears,  often  with  vitreous 
seen  attached  to  the  flap.  It  is  also  extremely  valu- 
able to  evaluate  vitreoretinal  traction.  A  complete 
screening  for  tears  and  traction  includes  a  mini- 
mum of  8  positions— L12:00,  Ll:30,  L3:00,  L4:30, 
L6:00,  L7:30,  L9:00,  and  L10:30.  Examine  all  12 
clock  hours  if  needed. 

Longitudinal  Scans  for  Lesions 

This  scan  position  documents  the  anterior-poste- 
rior extent  of  a  lesion.  From  the  earlier  example  of 
a  lesion  near  the  equator  at  1:30,  the  transverse  scan 
showed  how  many  clock  hours  are  involved.  A  lon- 
gitudinal scan  will  demonstrate  the  anterior-poste- 
rior dimension  of  pathology.  It  shows  how  close  the 
posterior  aspect  of  the  lesion  is  to  the  optic  nerve 
and  how  close  the  anterior  aspect  of  the  lesion  is  to 
the  ciliary  body.  To  create  an  LI: 30  scan,  have  the 
patient  look  at  1 :30,  direct  the  probe  marker  towards 
1 :30,  and  place  probe  on  opposite  sclera  near  limbus 
at  7:30.  Moving  the  probe  in  an  arc  closer  to  and  far- 
ther from  the  cornea  will  center  pathology  in  the  dis- 
play for  best  resolution  and  measurements.  Lower 
gain  will  reduce  vitreous  echoes,  increase  resolu- 
tion, and  raise  confidence  in  caliper  positioning. 

Globe  Versus  Through-the-Lid  Exams 

Due  to  many  factors,  results  from  an  exam  with  the 
probe  placed  on  a  closed  upper  lid  will  be  compro- 
mised. There  are  times  where  through-the-lid  exams 
are  required,  such  as  recent  surgery  or  a  challenging 
patient,  but  that  is  an  exception.  Closed  lids  prevent 
knowing  direction  of  patient  gaze.  Patients  already 
have  difficulty  looking  where  needed  with  open 


Anterior  B-Scan  (Using  Posterior  Probe) 

eyes,  for  example.  It  is  exceptionally  difficult  for  a 
patient  to  properly  look  up  and  left  with  closed  eyes. 
The  lids,  especially  the  upper,  also  attenuate  an 
ultrasound  signal  reducing  image  quality.  Also,  it  is 
impossible  to  image  the  superior  periphery  with  a 
probe  on  the  upper  lid.  In  order  to  image  superior 
peripheral  retina  when  a  through-the-lid  exam  is  to 
be  performed,  have  the  patient  look  up  with  open 
eyes  and  place  the  probe  on  the  lower  lid. 

For  best  image  quality  and  assurance  of  a  com- 
plete exam,  instill  topical  anesthesia,  place  tear  gel 
or  2.5  %  methylcellulose  on  probe  tip,  and  apply 
probe  directly  to  the  sclera.  Axial  scans  are  the  only 
time  a  B-scan  probe  is  on  the  corneal  apex.  If  using 
methylcellulose,  be  certain  to  irrigate  remaining  gel 
from  the  eye  to  reduce  irritation.  It  is  not  necessary 
to  irrigate  tear  gel  used  as  coupling  medium  from 
the  eye. 

3 -Dimensional  Thinking 

A  three-dimensional  image  of  pathology  is  envi- 
sioned from  the  series  of  two-dimensional  images 
observed.  When  thinking  through  what  is  seen  on 
an  image,  ask  these  four  questions: 

1.  In  what  direction  was  the  patient  looking? 

2.  In  what  direction  was  the  probe's  orientation 
marker? 

3.  Where  on  the  globe  was  the  probe  placed:  near 
limbus,  fornix,  or  canthus? 

4.  Where  on  the  fundus  was  the  acoustic  section 
directed:  posterior,  equatorial,  or  anterior? 
Answers  to  these  questions  are  the  foundation  for 

mapping  intraocular  and  orbital  structures  as  well 
as  accurately  labeling  sonograms,  also  called  echo- 
grams. There  is  no  substitute  for  taking  the  time  to 
logically  think  through  each  examination.  Allocating 
the  needed  time  to  practice  and  learn  builds  confi- 
dence and  diagnostic  ability.  Knowledge,  combined 
with  a  thorough  and  systematic  exam  protocol, 
produces  valuable  information  leading  to  earlier 
detections  of  subtle  pathologies  such  as  retinal  tear, 
maculopathy,  and  minimally  elevated  lesions. 

Anterior  B-Scan  (Using  Posterior 
Probe) 

The  anterior  segment  of  the  eye  from  the  pars  plana 
forward  can  only  be  viewed  echographically  when 
some  sort  of  immersion  technique  is  used  to  move 
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Fig.  30  Top:  dead  zone  of  A-scan  probe  (arrow).  Bottom: 
B-scan  probe  (arrow) 

the  probe  away  from  direct  contact  with  the  eye. 
The  initial  spike  on  the  A-scan  echogram  results 
from  the  reverberation  of  the  crystal  in  the  tip  of  the 
probe.  On  B-scan,  it  is  from  reverberation  echoes 
produced  by  the  probe  tip  membrane.  This  creates 
the  initial  spike  on  the  echogram  that  obscures  the 
3  to  5  mm  part  of  the  globe  that  is  in  direct  contact 
with  the  probe  (Fig.  30).  The  frequency  and  focus 
of  the  transducer  being  used  determines  the  zone. 
This  creates  an  acoustic  "dead  zone"  where  infor- 
mation is  not  obtainable  unless  the  probe  is  moved 
several  millimeters  back.  This  hidden  area  is 
"moved  into  the  view"  of  the  probe  by  the  use  of 
various  immersion  techniques. 

Coleman  described  a  water  bath  apparatus  in  the 
late  1960s  where  plastic  drapes  were  positioned 
around  the  patient's  eyes,  fixed  to  the  skin  with 
adhesive,  and  suspended  by  a  metal  frame  [15]. 
This  reservoir  was  filled  with  water  and  the  tip  of 
the  probe  immersed  in  it.  This  technique  allowed 
wide-angle  views  of  the  entire  globe.  However,  it 


66 


Fig.  3 1  Scleral  shell  for  immersion  scanning 

was  logistically  cumbersome,  and  many  patients 
became  claustrophobic  during  the  examination. 
The  contact  B-scan  pioneered  by  Bronson  has  gen- 
erally replaced  this  method  [16].  However,  the 
water  bath  technique  continues  to  be  used  in  a  few 
centers  specializing  in  ocular  oncology. 

A  modification  of  the  water  bath  method  has 
evolved  with  the  development  of  various  types  of 
plastic  shells.  They  fit  between  the  eyelids  and  are 
filled  with  a  conducting  medium  such  as  methylcel- 
lulose,  tear  gel,  or  saline  (Fig.  31). 

The  probe  tip  is  placed  within  the  shell,  and  this 
allows  scanning  of  anterior  structures.  An  alternate 
technique  is  to  cut  off  the  finger  of  a  latex  examina- 
tion glove  and  fill  it  with  water.  The  B-scan  probe  is 
placed  about  V2  to  2/3  depth  within  the  glove  con- 
taining the  liquid,  and  this  creates  an  enclosed 
immersion  chamber  for  examination  of  the  anterior 
structures  of  the  eye  as  the  glove  finger  tip  is  placed 
in  contact  with  the  globe;  because  the  probe  itself  is 
removed  from  the  ocular  surface,  this  part  of  the 
eye  is  moved  out  of  the  probe's  dead  zone,  allowing 
visualization  of  an  otherwise  inaccessible  area. 
Biometric  A-scan  probes  are  built  with  the  piezo- 
electric crystal  directly  on  the  tip  just  under  the 
focusing  lens.  They  may  be  used  for  both  contact 
and  immersion  techniques. 

Since  most  ophthalmic  equipment  was  designed 
for  adult-sized  eyes,  the  ultrasound  beams  for  pos- 
terior B-scan  are  set  up  to  have  the  best  image 
between  15  and  30  mm  from  the  probe  tip,  where 
we  expect  to  find  an  adult  eye's  vitreoretinal  inter- 
face and  where  we  need  the  best  resolution  to  dif- 
ferentiate small  retinal  lesions. 

Since  pediatric  patients  generally  have  much 
smaller  eyes,  it  requires  a  modified  exam  technique. 
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This  may  be  easily  accomplished  by  placing  a 
tonometer  cover  or  finger  cot  filled  with  bubble-free 
water  on  the  probe  tip  creating  a  water  balloon  (see 
Fig.  22).  Use  warmed  drops,  water,  and  coupling  gel 
on  babies  and  children  who  are  awake  to  attain  the 
best  possible  diagnostic  information  from  the  exam. 

The  use  of  a  bag  of  fluid  on  a  probe  is  called  a 
modified  immersion  or  fluid  standoff  technique.  It 
accomplishes  the  need  to  move  the  tissue  of  interest, 
mainly  the  vitreoretinal  interface  in  a  tiny  eye,  farther 
from  the  probe  tip.  This  positions  a  pediatric  retina  in 
the  Focal  Zone  of  the  transducer  and  will  produce  a 
useful,  high-resolution  image.  The  water-filled  mem- 
brane will  be  seen  on  the  screen  prior  to  applying  the 
probe  to  an  eye.  Fluid  may  be  added  or  removed  in 
order  to  accommodate  the  desired  imaging  depth. 

Long  before  high-frequency  probes  were  avail- 
able, anterior  segment  imaging  was  performed 
using  this  type  of  fluid  standoff  or  an  immersion 
scleral  shell.  This  allows  the  iris/ciliary  body  region 
to  be  placed  far  enough  away  from  the  probe,  so 
tissue  will  be  in  the  transducer's  Focal  Zone.  It 
served  echographers  well  for  two  decades,  but  now 
a  wide  range  of  transducer  frequencies  are  avail- 
able to  meet  the  ever-expanding  need  to  know  more 
about  ocular  anatomy  and  pathology.  This  tech- 
nique is  still  used  when  UBM  is  not  available. 

Anterior  UBM  Examination 

Components  of  a  thorough  exam: 

•  Patient  eye  stationary,  probe  moves 

•  Patient  eye  moves,  probe  stationary 

•  Patient  eye  and  probe  both  stationary 

•  Systematic  protocol  and  labeling  for  OD  and  OS 

Patient  Eye  Stationary,  Probe  Moves 

Most  UBM  exams  are  made  with  patient's  eye  sta- 
tionary, while  the  probe  is  moved  in  order  to  obtain 
desired  images.  Movements  with  UBM  probes  are 
far  more  sensitive  than  with  posterior  B-scan. 
Echoes  are  very  magnified  on  the  screen,  and  a 
steady  hand  is  required. 

Patient  Eye  Moves,  Probe  Stationary 

In  UBM  exams,  eye  movement  is  usually  not 
required  in  order  to  make  a  determination  of 
pathology. 
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Patient  Eye  and  Probe  Both  Stationary 

An  eye  and  probe  stationary  position  is  used  to 
observe  spontaneous  movement  such  as  pupil  con- 
striction and  dilation.  It  is  also  helpful  in  analyzing 
accommodative  IOL  movement  where  patient  fix- 
ates with  the  fellow  eye  on  a  near,  then  far  target 
while  a  UBM  movie  is  captured. 

Systematic  Protocol  and  Labeling 
for  OD  and  OS 

The  protocol  is  similar  to  that  of  posterior  B-scan 
exams  with  one  big  difference.  In  posterior  B-scan, 
images  are  labeled  opposite  of  probe  placement 
because  the  area  being  examined  is  on  the  other 
side  of  the  eye  from  the  probe.  In  anterior  B-scan,  it 
must  be  noted  that  labeling  is  opposite.  Scans  are 
labeled  by  the  clock  hour  where  the  probe  is  placed 
because  images  are  produced  from  tissue  directly 
beneath  the  probe.  Placing  a  probe  at  6:00  will 
image  6:00  and  is  labeled  6:00. 

Longitudinal  scans  are  obvious  because  the 
image  shows  the  iridocorneal  angle.  Usually  these 
scans  are  only  labeled  with  the  clock  hour. 
Transverse  UBM  scans  are  similar  to  a  gonio  view 
of  the  angle  and  are  useful  to  analyze  iridociliary 
cysts  and  IOL  haptic  location.  Horizontal  axial 
UBM  scans  are  used  to  measure  the  diameter  of  the 
ciliary  sulcus  for  sizing  of  specialty  lenses. 

Biometric  A-Scan 

Axial  eye  length  measurements  are  primarily  made 
to  calculate  IOL  power  in  a  cataract  patient.  It  is 
also  important  when  calculating  external  beam 
radiation  treatments  of  ocular  tumors. 

To  obtain  accurate  eye  length  values  interpreta- 
tion of  four  key  elements  is  required: 

1 .  Echo  pattern 

2.  Eye  type  (velocities) 

3.  Caliper  (gate)  position 

4.  Correlation  with  patient  visual  history 

A  repeatable  number  with  a  low  standard  devia- 
tion may  initially  appear  accurate,  but  if  any  one 
of  the  above  4  interpretations  is  not  made,  the 
patient  could  receive  the  wrong  IOL  and  unfortu- 
nately many  have.  When  in  doubt,  repeat  all  scans 
of  eye  length  and  corneal  power.  Remember  that  a 


0.30-mm  error  in  length  produces  approximately  1 
diopter  of  postoperative  error.  Also  a  1 -diopter 
error  in  keratometry  produces  approximately  1 
diopter  of  postoperative  error.  Small  errors  may 
cancel  each  other  out  but  sometimes  add  up  to  cre- 
ate an  even  larger  error.  This  is  called  tolerance 
stacking.  Double-  and  triple-check  preoperative 
data  to  ensure  a  predictable  outcome. 

Attend  courses  and  request  assistance  from  oth- 
ers, including  an  ultrasound  manufacturer's  clinical 
applications  specialist. 

Echo  Pattern 

Echo  pattern  is  the  foundation  of  every  measure- 
ment. If  the  echo  pattern  is  not  correct,  there  is  no 
reason  to  even  look  at  the  measurements.  An  invalid 
pattern  produces  an  invalid  measurement.  Therefore, 
before  looking  at  any  numbers,  study  and  validate 
each  echo.  Anterior-posterior  corneal  echoes  in 
immersion  must  be  tall  and  equal  in  height.  The 
anterior  and  posterior  lens  echoes  should  be  as  tall 
as  possible,  preferably  100  %.  Sometimes  the  pos- 
terior lens  echo  cannot  reach  the  top  of  the  display, 
so  maximize  it  by  saving  scans  with  as  tall  a  poste- 
rior lens  echo  as  possible.  There  may  be  extra 
echoes  in  between  that  are  produced  from  catarac- 
tous  changes  within  the  lens.  Next,  the  retinal  echo 
should  be  100  %  tall  and  sharply  rising.  This  means 
that  from  the  bottom  to  the  top,  it  is  straight.  Retinal 
echoes  also  should  have  some  width  and  not  appear 
as  a  single  sharp  point.  Lastly,  just  to  the  right  of 
retina  must  be  a  scleral  echo  to  indicate  that  the 
sound  beam  has  been  directed  to  the  macula  instead 
of  the  optic  nerve.  Since  the  A- scan  beam  is  parallel 
to  optic  nerve  fibers,  there  will  be  no  echo  past  the 
retina  when  the  sound  is  directed  to  nasally  toward 
the  optic  disk.  Anatomically,  the  sclera  and  orbital 
fat  are  posterior  to  the  macula.  Therefore,  echoes 
from  both  sclera  and  orbital  fat  are  required  to  vali- 
date the  echo  pattern.  Following  the  tall  retina  and 
scleral  echoes,  orbital  fat  echo  signals  quickly  drop 
off  due  to  sound  attenuation  (Fig.  32). 

Eye  Type 

Eye  type  is  the  selection  of  phakic,  aphakic,  pseudo- 
phakic,  etc.  Correct  selection  of  eye  type  will  assure 
correct  velocities  are  used  for  the  eye  being  mea- 
sured. It  will  also  affect  the  number  of  calipers  used. 
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Fig.  32  Immersion  axial  eye  length  A-scan  of  a  normal 
eye  with  primary  echoes  labeled.  Probe  tip;  C,  cornea;  A, 
anterior  lens  capsule;  P,  posterior  lens  capsule;  R,  retina; 
S,  sclera;  and  orbital  fat.  Anterior-posterior  double- 
peaked  corneal  echoes  are  equal  in  height  and  tall,  ante- 
rior and  posterior  lens  echoes  are  tall,  retina  is  sharply 
rising  and  has  sufficient  thickness,  sclera  echo  is  also  tall, 
and  orbital  fat  echoes  drop  off 


Fig.  33  Immersion  axial  eye  length  A-scan  of  a  myopic 
eye  with  four  measuring  calipers  (gates)  identified.  Eye 
type  is  phakic.  Cornea  is  tall  and  double  peaked,  anterior 
and  posterior  lens  echoes  are  tall,  retina  is  sharply  rising 
with  sufficient  thickness,  sclera  echo  is  tall,  and  orbital 
fat  echoes  drop  off.  All  four  calipers  are  correctly  posi- 
tioned in  this  example,  and  measurement  is  valid 


Confirm  that  the  proper  eye  type  has  been  selected 
for  the  patient.  When  performing  pseudophakic 
scans  where  the  IOL  material  is  not  known,  save  one 
scan  using  each  of  the  options  offered  in  the  instru- 
ment, and  then  correlate  with  patient's  visual  history 
and/or  fellow  eye  measurements  to  confirm.  It  is  dif- 
ficult to  differentiate  a  silicone  IOL  from  an  acrylic 
IOL  by  their  echo  patterns,  but  PMMA  lenses  will 
produce  many  strong  artifact  echoes  seen  in  the  vit- 
reous space  and  are  more  easily  identified. 

Caliper  Position 

Caliper  position  is  critical.  Validate  each  caliper  as 
attached  to  the  correct  echo.  Even  with  a  perfect 
echo  pattern,  a  10-diopter  error  can  occur  if  the  cali- 
pers are  set  for  contact  A-scan  when  immersion 
technique  is  used.  Another  problem  arises  if  the 
posterior  lens  caliper  has  mistakenly  attached  to  an 
interior  cataract  echo  or  to  a  strong  reverberation 
echo  past  the  actual  lens.  Not  only  will  lens  thick- 
ness be  incorrect,  but  the  entire  axial  length  is  also 
compromised.  This  is  because  the  lens  has  a  differ- 
ent velocity  than  aqueous  and  vitreous,  so  unless 
each  caliper  is  correct,  the  total  length  cannot  be 
validated.  Before  saving  an  A-scan,  first  confirm 
correct  echo  pattern,  caliper  positions,  and  eye  type. 

Correlation  with  Patient  History 

Correlation  with  history  is  the  final  analysis.  If  a 
patient  is  hyperopic,  and  their  eye  measures  21  mm, 


Fig.  34  Immersion  axial  eye  length  A-scan  of  an  average 
eye.  All  echoes  appear  correct;  however,  the  small  echo 
in  front  of  the  retina  is  suspicious  and  required  further 
investigation  (arrow).  A  longitudinal  scan  of  the  macula 
showed  a  thin  epiretinal  membrane  that  created  the  short 
echo.  Since  the  retina  caliper  is  correctly  positioned,  the 
measurement  is  valid.  However,  the  surgeon  must  be 
alerted  to  this  finding,  as  it  may  influence  the  patient's 
visual  outcome  and  additional  medical  care 

that  would  makes  sense,  assuming  they  had  normal 
Ks.  Conversely,  if  the  eye  measures  25  mm  and  the 
patient  is  myopic,  that  also  makes  sense.  If  one  eye 
has  had  a  scleral  buckle,  we  expect  it  to  be  longer 
than  the  fellow  eye.  Therefore,  look  at  surgical  his- 
tory, oldest  known  refraction  before  cataract  devel- 
opment, and  correlate  eye  length  and  keratometry 
values  to  be  certain  that  everything  makes  sense  for 
the  patient  (Figs.  33,  34,  and  35). 
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Fig.  35  Immersion  axial  eye  length  A-scan  of  a  long, 
myopic  eye.  Anterior  segment  echoes  appear  correct; 
however,  the  retina  is  suspiciously  short  and  thin  and 
required  further  investigation.  A  horizontal  axial  B-scan 
showed  a  staphyloma.  Because  the  macula  is  on  a  slope, 
sound  cannot  be  perpendicular  and  a  correct  retinal  echo 
is  not  possible  to  obtain.  One  method  to  resolve  this 
problem  is  to  perform  an  HAX  B-scan  to  measure  the 
vitreous  cavity.  Place  first  caliper  on  left  edge  of  poste- 
rior lens  echo  and  second  caliper  on  the  assumed  macula. 
Assumed  macula  position  is  about  4-5  mm  from  the  cen- 
ter of  optic  nerve  shadow.  Use  a  velocity  of  1,532  m/s, 
and  then  add  ACD  plus  lens  thickness  from  the  A-scan 
for  a  total  axial  length 


When  these  four  steps  are  routinely  and  carefully 
followed,  the  chance  of  a  postoperative  refractive 
error  from  an  incorrect  IOL  calculation  is  signifi- 
cantly reduced. 


retinal  echo  is  short  due  to  sound  attenuation  that 
occurs  when  travelling  through  oil.  Therefore,  if 
an  immersion  scan  is  desired,  separately  measure 
sub-oil  aqueous  by  changing  eye  type  to  aphakic. 
In  aphakic  mode,  there  are  only  two  calipers  and 
the  velocity  is  correctly  set  to  1,532  m/s.  Position 
one  caliper  on  the  bubble  echo  and  the  other  on  the 
real  retinal  echo.  Add  this  amount  to  the  total 
length  obtained  with  the  eye-type  set  for  silicone 
oil.  On  average,  the  amount  of  sub-oil  aqueous  is 
2.0-3.0  mm. 

A  second  somewhat  easier  method  may  be  to 
have  the  patient  seated  with  his  or  her  back 
straight  and  perform  a  contact  A-scan.  In  a  seated 
patient,  the  oil  bubble  has  again  shifted  up,  and 
sub-oil  aqueous  will  be  in  the  inferior  aspect  of 
the  globe  and  out  of  the  way  of  the  central  A-scan 
beam.  The  oil  bubble  is  against  the  macula,  so 
the  strong  echo  interface  between  oil  and  retina 
will  produce  a  reasonably  accurate  measurement. 
The  obvious  problem  of  corneal  compression 
that  occurs  in  contact  A-scan  methods  will  cause 
a  shortening  of  the  globe.  On  average,  this  is 
0.30  mm  or  about  1  diopter  of  error.  Lastly,  major 
consideration  has  to  be  given  when  calculating 
IOL  power  if  oil  will  remain  in  the  eye  or  be 
removed  at  time  of  cataract  extraction.  If  oil 
remains  in  the  eye,  the  power  needed  is  many 
diopters  stronger.  This  is  due  to  refractive  prop- 
erties of  silicone  oil. 


Silicone  Oil-Filled  Eyes 

Silicone  oil-filled  eyes  are  a  challenge  for  ultra- 
sound. Modern  instruments  have  an  eye-type  set- 
ting for  oil,  but  that  alone  is  not  enough  to  assure  an 
accurate  measurement. 

Today  the  standard  of  care  for  performing  axial 
length  measurements  is  the  noncontact  immersion 
technique.  However,  just  as  seen  on  previous 
B -scans  examples  of  an  eye  filled  with  oil,  there  is 
a  large  difference  between  a  supine  and  seated 
patient.  When  supine,  as  is  usually  the  case  with 
immersion  A-scan  and  with  B-scan,  an  oil  bubble 
floats  up  against  posterior  lens,  and  there  are  a  few 
millimeters  of  sub-oil  aqueous  between  the  bottom 
of  the  bubble  and  the  retina.  Immersion  A-scan 
instruments  will  choose  the  first  tall  echo  in  the 
vicinity  of  retina  and  that  results  in  a  false  short 
value.  This  is  because  the  retina  caliper  is  attached 
to  the  bubble  echo,  not  the  actual  retina  that  is  a 
few  mm  further  posterior  on  the  scan.  Often  the 


Special  Considerations  for  Pediatric 
Patients 

With  axial  eye  length  biometry,  as  with  B-scan, 
care  must  be  taken  to  assure  proper  measurements. 
Ultrasound  instruments  are  designed  for  adult- 
sized  eyes.  In  A-mode,  the  software  will  begin 
looking  for  a  retinal  signal  about  20  mm  from  the 
cornea.  Infants  may  have  much  smaller  eyes,  and 
retina  caliper  placement  on  the  actual  retina  must 
be  confirmed.  There  have  been  cases  where  an 
incorrect  IOL  power  was  implanted  due  to  using 
an  adult  retinal  caliper  position.  The  caliper  was 
then  positioned  in  the  baby's  orbital  fat  echoes 
producing  a  false  long  axial  length  measurement. 
Carefully  validating  every  echo,  and  its  corre- 
sponding caliper,  is  the  only  way  produce  an  accu- 
rate result.  Pediatric  immersion  shells  with  very 
small  diameters  are  available  to  accommodate 
small  fissures. 
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Standardized  A- Scan 
Examination 

All  of  the  published  A- scan  ultrasound  criteria  for 
the  optimal  differential  diagnosis  of  an  intraocular 
lesion  are  dependent  upon  useful  information 
obtained  from  good  echographic  images.  It  is  com- 
mon for  beginning  echographers  to  leap  to  diagnos- 
tic conclusions  based  on  insufficient  and  inadequate 
information.  The  excitement  of  detecting  a  lesion 
and  then  recording  A-  and  B-scan  images  of  it  can 
override  the  need  for  meticulous  attention  to  detail. 
If  the  proper  information  is  obtained  while  scan- 
ning and  documenting  the  pathology,  the  differen- 
tial diagnosis  follows  logically.  Just  as  in  clinical 
examination  of  the  eye  by  the  slit  lamp  or  ophthal- 
moscope, the  echographer  is  best  advised  to  not 
jump  to  a  diagnosis  based  on  initial  cursory  impres- 
sions, but  to  describe  what  is  seen.  The  systematic 
description  of  a  lesion  includes  the  B-scan  criteria 
of  shape,  location,  and  relation  to  intraocular  struc- 
tures. The  A-scan  criteria  are  then  added,  including 
the  characteristics  of  height,  surface  mobility,  and 
the  internal  features  of  reflectivity  including  regu- 
larity, spike  height,  and  spontaneous  vascularity  as 
described  by  Ossoinig  [17]. 

It  is  important  to  examine  the  eye  and  orbit  in  a 
systematic  way.  It  is  tempting  to  point  the  probe 
"where  the  action  is,"  such  as  at  an  enlarged  lacri- 
mal gland  or  an  intraocular  tumor,  but  other 
pathology  can  be  overlooked  with  such  an 
approach.  Both  the  globe  and  the  orbit  should  be 
examined  in  a  consistent  and  repetitive  manner 
for  each  patient.  Each  examiner  needs  to  ulti- 
mately decide  which  system  is  best  for  him/her, 


but  it  should  be  standardized  for  each  examination 
setting. 

The  technique  for  the  diagnostic  A-scan  exami- 
nation is  presented  in  video  segment  2. 

The  A-scan  probe  is  held  between  the  thumb  and 
the  forefinger  much  like  a  pen  is  held  when  writing. 
In  the  examination  of  the  globe,  the  display  on  the 
screen  is  continually  watched  as  the  probe  is  moved 
in  small  side-to- side  and  back-and-forth  move- 
ments to  display  the  retinal  spike  as  steeply  rising 
and  as  high  as  possible.  This  insures  perpendicular- 
ity to  the  retina  and  allows  for  the  detection  of  sub- 
tle abnormalities.  This  technique,  as  with  any  motor 
skill,  will  improve  with  practice.  It  is  advisable  to 
start  with  examination  of  the  normal  eye.  The  probe 
is  placed  so  that  the  sound  beam  is  directed  perpen- 
dicular to  the  retina  and  the  globe  is  systematically 
scanned  in  eight  quadrants  (45°  sections),  which 
results  in  a  complete  scan  of  the  posterior  segment. 
The  gain  for  the  A-scan  is  set  at  tissue  sensitivity. 
This  setting  is  available  in  several  models  of  ultra- 
sound units.  It  requires  the  use  of  a  "tissue  model" 
supplied  by  the  dealer  with  which  to  calibrate  the 
A-scan  probe  for  optimal  sensitivity  in  scanning  the 
globe  for  pathology.  This  probe  calibration  in  com- 
bination with  certain  internal  adjustments  inside 
the  unit  before  the  unit  leaves  the  factory  is  an 
important  part  of  standardized  echography  as 
described  by  Ossoinig.  Once  a  lesion  is  detected, 
the  gain  can  be  reduced  for  measuring  purposes 
(Fig.  36),  or  it  can  be  increased  to  demonstrate  mild 
vitreous  opacities,  such  as  in  early  endophthalmitis 
(Fig.  37). 

The  probe  at  the  6:00  limbus  is  then  slowly  slid 
along  the  globe  towards  the  inferior  fornix  of  the  lid 
while  trying  to  keep  it  as  perpendicular  to  the  inner 


Standardized  A-Scan  Examination 


Fig.  37  A-scan  of  vitreous  opacities  (vertical  arrows) 
demonstrating  increased  amplifier  gain  of  six  decibels 
above  the  tissue  sensitivity  setting 


Fig.  38  A-scan  demonstrating  the  breakdown  of  signals 
towards  the  peripheral  retina  (vertical  arrow) 

wall  of  the  eye  as  possible.  The  screen  is  watched 
and  slight  adjustments  are  made  with  the  hand  to 
keep  the  retinal  spike  maximally  high  while  the 
probe  is  moved  posteriorly.  This  allows  scanning  of 
the  fundus  more  and  more  anteriorly  as  the  probe  is 
moved.  The  limit  of  the  scan  is  reached  when  the 
fundus  signal  starts  to  drop  away  and  perpendicu- 
larity cannot  be  maintained  as  evidenced  by  a  reti- 
nal spike  that  becomes  lower  in  height  and  is  jagged 
instead  of  steeply  rising  (Fig.  38). 

This  maneuver  is  then  repeated  every  1.5  clock 
hours  around  the  globe.  For  example,  it  is  moved 
from  the  6:00  position  to  the  7:30  position  on  the 
limbus  and  moved  posteriorly  along  the  globe  in 
this  quadrant.  It  is  then  moved  to  the  9:00  position, 
the  10:30  position,  and  so  on  until  it  is  back  at  the 
6:00  position.  This  succession  of  probe  positions 
will  allow  a  complete  scan  of  the  globe  except  for 
its  most  anterior  part  beginning  at  the  ciliary  body. 

A-scan  of  the  orbit  is  performed  at  the  orbit 
expansion  as  indicated  by  the  designated  settingon 
the  instrument  control  panel.  The  examination  of 
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Fig.  39  Orbit  (arrows)  A-  and  B-scan 

the  orbit  by  echography  is  the  converse  of  the  intra- 
ocular examination.  Instead  of  watching  for  reflec- 
tivity above  the  baseline  level  of  the  vitreous  gel, 
the  orbit  is  observed  for  reflectivity  lower  than  the 
adjacent  high-reflective  orbital  tissue.  The  normal 
orbit  contains  many  different  tissue  interfaces 
because  of  the  different  structures  present.  These 
include  orbital  fat  that  has  a  septate  microstructure, 
extraocular  muscles,  blood  vessels,  the  optic  nerve 
and  its  sheaths,  and  connective  tissue.  This  multi- 
plicity of  tissue  interfaces  results  in  strong  reflec- 
tion of  the  sound  waves  so  that  much  of  the  normal 
orbit  is  highly  reflective  with  maximally  high 
spikes  on  the  A-scan  and  echodensity  on  the  B-scan 
(Fig.  39). 

The  extraocular  muscles  are  more  homogenous 
in  internal  structure  than  the  surrounding  orbital 
tissue,  so  the  echo  reflectivity  becomes  relatively 
lower  (Fig.  40). 

These  muscles  are  best  examined  sequentially  by 
A-scan  in  a  transocular  view.  Placing  the  probe  at 
the  6:00  limbus  and  directing  it  towards  the  supe- 
rior orbit  image  the  superior  rectus.  It  is  aimed  at 
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Fig.  40  A-scan  of  extraocular  muscle  (vertical  arrows) 


the  12:00  position  just  behind  the  superior  orbital 
rim  and  moved  side  to  side  and  back  and  forth  in 
small  movements.  When  the  reflectivity  begins  to 
become  lower  than  normal  orbital  tissue,  the  probe 
is  kept  in  that  same  horizontal  plane  and  angled 
posteriorly  while  attempting  to  display  the  anterior 
and  posterior  muscle  sheaths  by  maximizing  their 
height.  The  muscle  is  followed  posteriorly  until  the 
two  steeply  rising  maximally  high  spikes  begin  to 
drop  off  towards  the  apex  of  the  orbit.  The  anterior 
tendinous  part  is  imaged  by  angling  the  probe  ante- 
riorly towards  the  orbital  rim  and  watching  the 
space  between  the  two  muscle  sheaths  that  become 
narrower  and  closer  to  the  globe  (Fig.  41). 

It  is  often  difficult  to  visualize  the  tendon  in  a 
normal  muscle,  but  demonstrating  it  is  an  important 
differential  point  in  distinguishing  inflammatory 
myositis  from  other  causes  of  muscle  thickening, 
such  as  Graves'  disease.  The  tendon  is  usually 
thickened  in  myositis  and  not  the  other  myopathies 
(Fig.  42). 

The  B-scan  can  be  especially  helpful  in  imaging 
the  tendon  near  its  attachment  to  the  globe,  whereas 
the  tendon  can  "get  lost"  near  the  high  reflectivity 
of  the  sclera  on  the  A-scan.  The  B-scan  can  image 
the  extraocular  muscles  both  in  a  longitudinal  (long 
section)  and  in  a  transverse  (cross  section),  as  seen 
in  Fig.  43. 

The  gain  should  be  reduced  to  increase  the  con- 
trast between  the  lesser  echodensity  of  the  muscle 


Fig.  41  A-scan  of  normal  rectus  muscle  (vertical  arrows) 


Fig.  42  Top:  A-scan  of  normal  rectus  tendon  (arrow). 
Middle:  muscle  in  mid-orbit  (arrows).  Bottom:  apex  (arrows) 


Standardized  A-Scan  Examination 


Fig.  43  Top:  longitudinal  B-scan  of  an  extraocular  mus- 
cle {arrow).  Bottom:  transverse  B-scan  of  the  same  mus- 
cle (arrow) 


Fig.  44  Reduced  gain  on  B-scan  to  demonstrate  an  extra- 
ocular muscle  (arrow) 

and  the  surrounding  more  echodense  orbital  tis- 
sue (Fig.  44). 
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Medial  rectus 
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mm 

Inferior  rectus 
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Lateral  rectus 

3.0  to 
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mm 

Superior  oblique 

1.5  to 

2.5 

mm 

Fig.  45  Compilation  of  values  for  A- scan  measurements 
of  normal  extraocular  measurements 


A  major  advantage  of  the  A-scan  versus  CT  and 
MRI  is  the  ability  to  quantitate  the  width  of  the 
extraocular  muscles.  The  muscle  is  followed  back 
into  mid-orbit,  and  the  two  sheath  spikes  are  maxi- 
mized respecting  height  and  smoothness  of  the 
spike.  A  measurement  is  taken  at  this  point  and 
recorded.  It  is  important  to  take  the  measurement  at 
the  maximal  width  of  the  muscle  both  to  compare  it 
to  normograms  of  normal  extraocular  muscle 
dimensions  and  for  follow-up  over  time  to  document 
increase  in  width  such  as  in  Graves'  disease.  There 
are  several  published  tables  of  values  for  normal 
extraocular  muscle  thickness  [18-20]. 

Figure  45  is  a  compilation  of  these  reports  with 
some  modification  of  the  values  based  on  the 
author's  personal  experience: 

The  imaging  of  the  other  extraocular  muscles  is 
continued  around  the  globe  in  either  a  clockwise  or 
counterclockwise  direction  but  systematically  for 
each  eye.  The  superior  and  medial  recti  are  usually 
the  easiest  to  image  with  ample  room  to  angle  the 
probe  when  it  is  placed  inferiorly  for  the  superior 
rectus  and  laterally  to  view  the  medial  rectus.  The 
inferior  and  lateral  recti  are  more  difficult  to  image 
in  the  transocular  view  as  a  direct  function  of  the 
degree  of  prominence  of  the  brow  or  nose.  Placing 
the  probe  against  the  eye  in  the  inferotemporal 
quadrant  and  aiming  towards  the  trochlea  at  the 
superior  nasal  orbital  rim  enable  a  view  of  the  supe- 
rior oblique  tendon.  The  superior  oblique  hugs  the 
bone  as  it  is  followed  towards  the  apex,  unlike  the 
rectus  muscles  that  angle  away  from  the  orbital 
bone  towards  their  origin  in  the  posterior  orbit 
(Fig.  46). 

The  inferior  oblique  is  the  most  difficult  of  the 
extraocular  muscles  to  image  because  of  its  very 
anterior  position  in  the  orbit  as  it  slings  from  the 
nasal  to  the  temporal  side.  It  can  best  be  seen  in  the 
paraocular  view  if  it  is  enlarged  by  infiltration,  such 
as  in  inflammation  or  malignancy. 

The  probe  should  constantly  be  moved  side  to 
side  incrementally  as  it  is  angled  more  posteriorly 
into  the  orbit.  It  is  relatively  easy  to  get  lost  in  api- 
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Fig.  46  A-scan  of  superior  oblique  muscle  (arrows) 

cal  structures,  such  as  the  superior  and  inferior 
orbital  fissures,  and  mistake  nonmuscular  tissues 
for  the  muscle  being  followed.  To  reorient  oneself, 
the  probe  should  be  angled  slightly  anteriorly  to 
confirm  the  two  high  septal  spikes  bordering  the 
relatively  lower  reflective  muscle.  Once  this  is  con- 
firmed, the  probe  is  then  directed  posteriorly  again 
while  minimizing  its  lateral  movement  in  an 
attempt  to  stay  within  the  plane  of  the  muscle. 

Imaging  the  optic  nerve  requires  the  same  con- 
stant probe  "minimovements"  as  the  nerve  is  fol- 
lowed from  its  exit  behind  the  globe  towards  the 
optic  foramen.  The  probe  is  first  placed  on  the  tem- 
poral globe  and  directed  towards  the  medial  rectus 
muscle  and  medial  orbital  wall.  The  medial  rectus 
is  used  as  a  reference  point,  and  the  optic  nerve  is 
seen  lateral  to  it  (closer  to  the  globe  on  the  screen). 
The  steeply  rising  twin  sheath  spikes  of  the  optic 
nerve  are  detected  as  the  probe  is  angled  up  and 
down  and  side  to  side  (Fig.  47). 

The  nerve  is  followed  posteriorly  until  the  sheath 
spikes  drop  away  near  the  apex.  The  same  orientation 
techniques  applied  to  the  extraocular  muscles  are 
used  where  the  probe  is  angled  posteriorly  and 
slightly  superiorly/inferiorly  to  insure  that  that  the 
nerve  is  being  imaged  and  not  confused  with  adjacent 


Part  II.  Basic  Principles 


Fig.  47  A-scan  of  normal  optic  nerve  (vertical  arrows) 


structures.  The  widest  dimension  of  the  nerve  is 
found,  and  this  location  is  selected  to  measure  the 
sheath-to-sheath  width. 

The  ease  of  imaging  the  optic  nerve  is  highly 
dependent  on  how  it  curves  as  it  goes  through  the 
orbit.  In  some  patients,  the  nerve  is  seen  almost  as 
soon  as  the  probe  is  placed  on  the  temporal  globe 
and  is  easily  followed  along  its  course  posteriorly 
towards  the  apex.  In  others,  it  can  be  very  difficult 
no  matter  how  the  probe  is  manipulated.  In  these 
patients,  it  is  advisable  to  try  placing  the  probe  on 
the  nasal  globe  and  aiming  it  temporally.  The  nerve 
may  be  more  easily  seen  from  this  position.  If  it  is 
still  difficult  to  image  the  nerve,  the  patient  is  asked 
to  adduct  or  abduct  the  eye  a  little.  This  maneuver 
will  sometimes  rotate  the  nerve  into  a  position 
where  it  is  more  readily  seen. 

It  is  important  to  examine  the  eye  and  orbit  in  a 
systematic  way.  It  is  tempting  to  point  the  probe 
"where  the  action  is,"  such  as  at  an  enlarged  lacri- 
mal gland  or  an  intraocular  tumor,  but  other  pathol- 
ogy can  be  overlooked  with  such  an  approach.  Both 
the  globe  and  the  orbit  should  be  examined  in  a 
consistent  and  repetitive  manner  for  each  patient. 
Each  examiner  needs  to  ultimately  decide  which 
system  is  best  for  her,  but  it  should  be  standardized 
for  each  examination  setting. 


Case  Study  22 

Choroidal  Melanoma 


JC  is  a  60-year-old  man  who  presented  to  his 
ophthalmologist  with  the  complaint  of  recently 
decreased  vision  in  his  right  eye.  Examination  with 
the  ophthalmoscope  showed  a  swollen  optic  nerve 
head  with  some  engorgement  of  the  retinal  vessels 
consistent  with  a  central  retinal  vein  occlusion. 
Echography  was  performed,  and  the  optic  nerve 
was  found  to  be  thickened  on  A-scan  examination 
with  a  moderate  degree  of  fluid  within  the  nerve 
sheath  (Fig.  1).  The  examiner  approached  the 
patient  systematically  and  scanned  the  opposite  eye 
and  incidentally  found  a  peripheral  choroidal  tumor 
that  was  highly  consistent  with  a  malignant  mela- 
noma (Fig.  2). 

An  accurate  differential  diagnosis  of  a  pathologi- 
cal process  can  sometimes  be  influenced  by  proper 
localization. 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 
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Fig.  1  Thickened  optic  nerve  (vertical  arrows  at  nerve 
sheaths) 


Fig.  2  A-scan  of  choroidal  melanoma  (first  vertical 
arrow  at  tumor  surface  and  second  vertical  arrow  at 
sclera) 
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Case  Study  23 

Retinoblastoma 


TM  is  a  2-year-old  child  who  had  been  exam- 
ined by  her  local  ophthalmologist  and  suspected 
to  have  an  intraocular  tumor  on  indirect  ophthal- 
moscopy. She  was  referred  to  a  pediatric  ophthal- 
mologist for  an  examination  under  anesthesia  and 
echography.  Ultrasound  was  performed  through 
closed  lids,  and  the  initial  impression  was  that 
of  a  small  irregularly  reflective  lesion  that  was 
in  the  extreme  inferior  periphery  near  the  ciliary 
body.  The  differential  diagnosis  included  a  dikty- 
oma  (medulloepithelioma)  because  of  this  appar- 
ently anterior  location.  Indirect  ophthalmoscopy 
using  a  cotton  tip  applicator  to  rotate  the  globe 
was  then  performed,  and  the  lesion  was  seen  to 
be  just  inferior  to  the  equator.  This  immediately 
made  the  diagnosis  of  diktyoma  untenable  and 
retinoblastoma  much  more  likely.  The  child  had 
a  marked  Bell's  phenomenon  while  asleep,  and 
the  eye  had  rotated  superiorly,  which  rotated  the 
lesion  quite  inferiorly,  resulting  in  the  erroneous 
localization  by  echography  (Fig.  1). 


It  is  important  to  perform  the  ultrasound  exami- 
nation of  the  eye  in  a  systematic  and  consistent 
manner.  Unsuspected  pathology  can  only  be 
detected  by  such  an  approach. 


Fig.  1  Retinoblastoma  (first  arrow  at  tumor  surface  and 
second  arrow  at  sclera) 
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Case  Study  24 

Shallow  Retinal  Detachment 


MK  is  a  49-year-old  Indonesian  woman  who 
presented  with  the  complaint  of  pain  around  her 
right  eye.  There  was  moderate  tenderness  to  pal- 
pation of  her  superior  orbit,  and  mild  episcleral 
injection  was  noted  in  the  deep  superior  fornix 
when  she  looked  inferiorly  with  maximal  effort. 
Echography  was  performed  with  particular  atten- 
tion to  the  superior  orbit,  but  no  abnormality 


was  noted.  However,  a  thorough  eight-quadrant 
B-scan  of  the  globe  revealed  a  shallow  nasal  reti- 
nal detachment  that  would  have  been  missed  if 
such  a  systematic  approach  had  not  been  used 
(Fig.  1). 

The  systematic  examination  of  areas  of  the  globe 
and  orbit  not  directly  related  to  the  patient's  com- 
plaints can  detect  significant  pathology. 


Fig.  1  Left  A-scan  of  shallow  retinal  detachment  {vertical  arrow).  Right:  B-scan  of  the  detachment  {vertical  arrow) 
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Case  Study  25 

Pleomorphic  Adenoma  of  Lacrimal  Gland 


SS  is  a  72-year-old  woman  who  experienced  inter- 
mittent tearing  of  her  left  eye  for  several  months. 
She  was  given  a  prescription  for  antihistamines  by 
her  primary  care  doctor  without  relief  of  her  symp- 
toms. She  consulted  an  optometrist  who  referred 
her  to  an  oculoplastic  surgeon  for  surgical  correc- 
tion of  the  problem.  He  diagnosed  a  partial  nasolac- 
rimal duct  obstruction  and  recommended  surgery. 
However,  she  was  reluctant  to  undergo  an  operation 
and  decided  to  wait  with  the  hope  that  the  situation 
would  spontaneously  improve.  Her  symptoms 
worsened,  and  she  was  referred  to  another  ophthal- 
mologist while  visiting  her  sister  in  another  city. 
He  took  a  careful  history  and  elicited  the  symptom 
of  some  aching  around  her  eye  for  over  a  year. 
Physical  examination  was  unremarkable  except  for 
mild  cataracts.  A-scan  was  performed,  and  a  17-mm 
mass  was  noted  in  the  area  of  the  left  lacrimal 
gland.  Internal  reflectivity  was  typical  for  a  pleo- 
morphic adenoma  (benign  mixed  cell  tumor)  of  the 
lacrimal  gland  (Fig.  i),  and  a  CT  confirmed  a  lacri- 
mal mass  with  no  bone  destruction.  She  was 
referred  to  an  orbital  surgeon  for  an  en  bloc  exci- 
sion of  the  tumor. 

Echography  is  sometimes  useful  in  detecting 
associated  clues  that  may  assist  in  the  diagnosis  of 


an  abnormality.  The  echographic  analysis  of  adja- 
cent structures  can  be  helpful  in  identifying  a  spe- 
cific pathological  process.  For  example,  subretinal 
neovascularization  with  hemorrhage  and  disciform 
scarring  is  often  macular  in  location.  Careful  exam- 
ination of  the  opposite  eye  with  B-scan  at  high  gain 
may  detect  subtle  macular  thickening  that  sup- 
ports the  diagnosis  of  the  "wet"  form  of  macular 
degeneration. 


Fig.  1  A-scan  of  pleomorphic  adenoma  (vertical  arrows) 
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Case  Study  26 

Subretinal  Hemorrhage 


BJ  is  a  68-year-old  man  who  presented  with 
complaints  of  a  sudden  decrease  in  vision  in  his  right 
eye.  Vision  in  that  eye  was  20/200  and  in  the  left  eye 
was  20/20-2.  Clinical  examination  found  a  large  sub- 
retinal  hemorrhage.  A  malignant  tumor  such  as 
choroidal  melanoma  could  not  be  ruled  out.  The 
other  eye  was  found  to  have  some  subtle  macular  pig- 
ment changes  but  no  grossly  detectable  thickening. 

Echography  was  performed  with  B-scan  dem- 
onstrating an  elevated  echodense  macular  lesion 
with  an  irregular  surface  (Fig.  1).  A- scan  revealed 
irregular  internal  structure  with  moderate  vascular- 
ity (Fig.  2).  Careful  inspection  of  the  opposite  eye 
by  high-gain  B-scan  showed  some  irregular  slight 
macular  thickening  that  was  suggestive  of  mild 
macular  degeneration  (Fig.  3).  This  weighted  the 
differential  diagnosis  towards  subretinal  neovascu- 
larization of  the  right  eye  with  acute  hemorrhage 
as  opposed  to  a  tumor.  Echography  was  repeated 


Fig.  1  B-scan  of  subretinal  disciform  lesion  (arrow) 


Fig.  2  A-scan  of  the  same  lesion  (arrows) 


Fig.  3  B-scan  of  macular  thickening  (arrow) 
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in  a  month  and  demonstrated  reduced  thickening 
of  the  submacular  process  and  higher  reflectiv- 
ity consistent  with  gliotic  scarring  (Fig.  4).  These 
changes  continued  over  several  months,  and  serial 
echograms  documented  the  progressive  decrease  in 
thickness. 

Other  ocular  conditions  that  can  be  diagnosed 
with  the  examination  of  associated  structures  by 
echography  include  inflammatory  processes  such 
as  posterior  scleritis.  This  entity  can  simulate  a 
neoplasm,  but  there  will  usually  be  infiltration  of 
other  tissues,  such  as  subtenon's  space  or  adjacent 
extraocular  muscle  tendons,  that  would  be  very 
unlikely  with  a  focal  choroidal  malignancy. 


Case  Study  26.  Subretinal  Hemorrhage 


Fig.  4  A- scan  of  gliotic  subretinal  scar  (arrows) 


Case  Study  27 

Posterior  Scleritis 


MH  is  a  21 -year-old  man  who  complained  of  pain 
behind  his  left  eye  and  reduction  in  vision. 
Examination  found  a  slightly  elevated  lesion  tem- 
poral to  the  macula.  A  malignant  tumor  was 
included  among  the  diagnostic  possibilities.  B-scan 
revealed  choroidal  and  lateral  rectus  tendon  thick- 
ening (Fig.  1).  This  picture  was  felt  most  consistent 
with  posterior  scleritis  with  involvement  of  the  lat- 
eral rectus  tendon,  and  the  patient  responded  rap- 
idly to  a  tapering  dose  of  prednisone. 

Suspicious  conjunctival  lesions  can  sometimes 
be  associated  with  intraocular  or  orbital  processes. 


Fig.  1  B-scan  of  subtenon's  lucency  (first  arrow)  with 
adjacent  lateral  rectus  tendon  thickening  (second  arrow) 
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Case  Study  28 

Lymphoma  of  Extraocular  Muscles 


AA  is  a  75 -year-old  woman  who  presented  with  a 
fleshy  temporal  conjunctival  lesion  that  had  been 
enlarging  over  several  months.  It  was  initially 
diagnosed  as  a  pterygium,  but  echography  was 
performed  and  revealed  low  reflective  thickening 
of  the  lateral  rectus  muscle  (Fig.  1).  The  differen- 
tial diagnosis  included  orbital  lymphoma  that  was 
confirmed  on  biopsy. 

Malignant  processes  can  be  associated  with 
subtle  abnormalities  in  other  areas  of  the  eye. 
Vitreous  seeding  can  occur  adjacent  to  the  lesion 
with  opacities  detectable  on  A-  and  B-scan  (Fig.  2). 
Multiple  tumors  can  occur  with  the  spread  of  meta- 
static lesions,  and  these  can  be  difficult  to  see  clini- 
cally, but  echography  may  detect  them  (Fig.  3). 
The  other  eye  should  be  carefully  scanned  to  detect 
clinically  occult  metastatic  tumors. 

Such  helpful  clues  may  be  subtle  and  only 
discovered  because  a  methodical  and  system- 
atic approach  has  been  used  in  the  echographic 
examination. 

The  extraocular  muscles  are  more  homogenous 
in  internal  structure  than  the  surrounding  orbital  tis- 
sue, so  the  echo  reflectivity  becomes  relatively  low 
compared  to  the  surrounding  orbital  tissue  as  does 
the  optic  nerve  as  displayed  on  the  echogram. 

The  optic  nerve  is  formed  as  the  one  million  nerve 
fibers  originating  from  the  retinal  inner  nerve  fiber 
layer.  It  then  leaves  the  eye  and  travels  through  the 
posterior  orbit,  exits  through  the  optic  foramen,  and 


Fig.  1  Top:  A-scan  of  lymphoma  of  lateral  rectus  muscle 
{arrows).  Bottom:  B-scan  of  muscle  {arrow) 
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Fig.  2  B-scan  of  vitreous  opacities  adjacent  to  intraocu- 
lar tumor  (arrow) 


Fig.  3  B-scan  of  multiple  tumors  (arrows) 

joins  fibers  from  the  contralateral  nerve  at  the  optic 
chiasm  just  above  the  pituitary  gland.  The  same  dural 


Case  Study  28.  Lymphoma  of  Extraocular  Muscles 


Fig.  4  A-scan  of  optic  nerve  "sheath  sign"  (vertical 
arrows).  Optic  nerve  parenchyma  (small  arrow) 

sheath  that  envelops  the  brain  encases  it.  The  dura 
fuses  with  the  sclera  as  the  nerve  exits  the  eye  through 
the  fibrous  matrix  called  the  lamina  cribrosa.  There  is 
a  potential  space  between  the  pia  layer  that  covers  the 
nerve  substance  and  the  dura  that  contains  a  very  thin 
layer  of  cerebrospinal  fluid  (CSF). 

In  some  cases  of  papilledema,  the  CSF  is 
increased  around  the  nerve  and  is  detectable  on  the 
A-scan.  Ossoinig  described  the  "sheath  sign"  [21] 
that  is  present  when  this  space  is  identifiable 
(Fig.  4).  The  30°  test  consists  of  first  measuring  the 
sheath-to- sheath  distance  in  primary  gaze  and  then 
having  the  patient  abduct  the  eye  about  30°.  The 
intersheath  distance  is  then  remeasured,  and  it  is 
concluded  that  excess  CSF  is  present  if  this  mea- 
surement decreases  by  more  than  20  %  from  that  in 
primary  gaze.  This  is  probably  due  to  a  compres- 
sive thinning  of  the  intrasheath  fluid  as  the  nerve  is 
put  on  stretch  in  abduction. 


Case  Study  29 

Optic  Nerves  in  Pseudotumor  Cerebri 


AC  is  a  25 -year-old  woman  with  a  history  of 
headaches  that  had  worsened  in  the  past  few 
months.  She  was  moderately  obese  but  otherwise 
had  a  normal  medical  history.  Examination  revealed 
moderate  optic  disc  elevation  bilaterally.  An  MRI 
scan  was  reported  as  normal.  She  refused  lumbar 
puncture  and  was  therefore  referred  for  echography 
to  quantitate  the  optic  nerve.  A- scan  measured  the 
sheath-to-sheath  diameter  of  the  right  optic  nerve  to 
be  4.5  mm  and  the  left  as  4.8  mm  in  primary  gaze. 
The  right  nerve  was  remeasured  in  abduction  to  be 
3.5  mm  and  the  left  to  be  3.6  mm  (Fig.  1).  She  was 
diagnosed  with  pseudotumor  cerebri  on  this  basis 
and  begun  on  oral  Diamox  and  a  program  of  weight 
reduction. 

Thickening  of  the  nerve  from  solid  pathological 
processes,  such  as  optic  nerve  glioma,  meningioma, 
or  cellular  infiltration  as  in  lymphoma,  results  in 
unchanged  sheath- to- sheath  measurements  on  the 
30°  test. 
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Fig.  1  Top:  A- scan  of  thickened  optic  nerve  sheath  in 
pseudotumor  cerebri  (vertical  arrows).  Bottom:  after  30° 
test  (vertical  arrows) 
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Case  Study  30 

Lymphoma  of  the  Optic  Nerves 


SJ  was  a  75-year-old  man  who  had  a  history  of 
non-Hodgkin's  lymphoma  that  had  been  in  remission 
for  several  years  after  completing  a  course  of  chemo- 
therapy. He  presented  to  his  oncologist  with  rapid 
vision  loss  in  both  eyes  and  was  noted  to  have  bilat- 
eral optic  disc  edema.  Ophthalmic  examination  found 
vision  of  20/200  OD  and  20/400  OS.  Bilateral  disc 
swelling  and  some  venous  engorgement  were  noted. 

Computed  tomography  scan  showed  moderate 
thickening  of  both  optic  nerves.  A- scan  measured 
the  right  optic  nerve  thickness  to  be  6.2  mm  and 
the  left  to  be  5.8  mm  in  primary  gaze  (Fig.  1). 
A  30°  test  was  performed,  and  there  was  insignifi- 
cant change  in  the  thickness  of  both  nerves.  This 
was  felt  to  be  consistent  with  solid  infiltration  of 
the  nerves  with  the  differential,  including  lym- 
phatomous  invasion  of  the  nerve  sheaths.  A  lumbar 
puncture  was  performed,  and  monoclonal  B-cell 
lymphocytes  were  found  in  the  spinal  fluid.  The 
diagnosis  of  central  nervous  system  (CNS)  lym- 
phoma was  made.  A  course  of  radiotherapy  was 
initiated,  and  the  patient  responded  with  dramatic 
improvement  in  his  vision  to  the  20/25  level  bilater- 
ally. He  expired  from  his  disease  within  6  months 
but  maintained  functional  vision  until  his  death. 

B-scan  examination  of  the  optic  nerve  is  most 
useful  at  the  intraocular  portion  anterior  to  the  lam- 
ina cribrosa,  while  measurements  of  the  nerve 
diameter  behind  the  globe  are  less  accurate  than 
those  of  the  A-scan  [22].  An  elevated  nerve  head  is 
easily  seen  by  this  modality,  and  the  presence  of 
calcium  deposits  (optic  nerve  head  drusen)  are 
readily  detected.  Calcified  drusen  give  a  high  for- 
eign body-like  spike  (100  %  compared  to  the  initial 
spike)  on  the  A-scan  (Fig.  2).  Occasionally  there  is 
the  false  impression  of  calcified  optic  nerve  head 
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Fig.  1  Top :  A-scan  of  solid  thickening  of  optic  nerve 
(vertical  arrows).  Bottom:  after  30°  test  (vertical  arrows) 


drusen  in  a  particular  probe  position.  It  is  essential 
to  image  the  nerve  in  other  probe  positions  to  verify 
this  diagnosis.  Occasionally,  retrobulbar  calcium  or 
other  echolucencies  are  seen  such  as  in  a  phlebolith 
of  the  central  retinal  vein  (Fig.  3)  or  an  embolus  in 
a  central  retinal  artery  occlusion  (Fig.  4). 
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Case  Study  30.  Lymphoma  of  the  Optic  Nerves 


Fig.  2  Upper  left:  B-scan  optic  nerve  drusen  {arrow).  Upper  right:  A-scan  of  drusen  {arrow).  Lower  left:  B-scan  of 
pseudodrusen  in  transverse  view  {arrow).  Lower  right:  B-scan  of  the  same  nerve  in  horizontal  view  {arrow) 


Fig.  3  B-scan  of  phlebolith  of  central  retinal  vein  {arrow) 


Fig.  4  B-scan  of  embolic  material  in  central  retinal 
artery  {arrow) 


Case  Study  30.  Lymphoma  of  the  Optic  Nerves 


Fig.  5  Top:  B-scan  of  normal  optic  nerve  shadow  (arrow). 
Bottom:  B-scan  of  nerve  shadow  at  reduced  gain  (arrow) 

The  optic  nerve  shadow  on  the  B-scan  (Fig.  5) 
can  appear  narrower  or  wider  as  the  gain  is 
increased  and  decreased.  Small  children  will 
sometimes  have  a  bulbous  appearance  to  the  optic 
nerve  shadow  behind  the  globe  (Fig.  6).  This 
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Fig.  6  B-scan  of  bulbous  optic  nerve  shadow  in  an  infant 
(arrow) 

appearance  can  simulate  increased  nerve  thick- 
ness caused  by  a  solid  tumor  or  increased  nerve 
sheath  cerebrospinal  fluid  as  in  optic  nerve 
hygroma.  Such  pathology  can  be  ruled  out  by 
imaging  the  retrobulbar  nerve  with  the  A- scan  and 
measuring  the  sheath-to-sheath  diameter  (nor- 
mally under  2.5  mm). 

Echography  allows  a  noninvasive  study  of 
normal  and  abnormal  tissues  at  high  resolution. 
Systematic  examination  techniques  insure  that 
most  pathological  processes  will  be  imaged  provid- 
ing unique  information  that  is  not  obtainable  by  CT 
and  MRI  scans.  The  ability  of  the  A- scan  to  quanti- 
tate  and  display  internal  features  of  structures  in  the 
globe  and  orbit  is  a  powerful  addition  to  the  topo- 
graphical display  of  the  B-scan. 


Part  III 

Eye  Pain 


One  of  the  most  common  patient  complaints  in  a 
general  ophthalmic  practice  is  pain  in  or  around  the 
eye.  The  starting  point  in  the  evaluation  of  this 
symptom  is  a  thorough  history.  The  patient  must  be 
given  time  while  the  examiner  attentively  listens  to 
the  narrative.  A  careful  physical  examination  is 
then  performed  with  detailed  attention  to  ocular 
and  periocular  structures  as  directed  by  the  history. 
The  examination  starts  with  an  overview  of  the 
whole  patient.  Non-ocular  clues,  such  as  acne  rosa- 
cea or  vitiligo  (patches  of  depigmented  skin),  can 
aid  the  diagnosis.  The  slit  lamp  is  an  indispensable 
tool  to  evaluate  the  anterior  segment  for  a  multitude 
of  conditions  causing  pain  from  the  superficial 


punctuate  keratopathy  of  keratoconjunctivitis  sicca 
to  a  chronic  smoldering  iritis.  The  ophthalmoscope 
(direct  and  indirect)  is  equally  useful  in  the  inspec- 
tion of  the  posterior  segment  from  the  optic  nerve 
head  to  the  pars  plana.  The  addition  of  echography 
to  the  clinician's  armamentarium  greatly  expands 
the  ability  to  determine  the  source  of  the  patient's 
pain. 

The  largest  category  of  eye  pain  includes  the 
"itis"  which  includes  inflammatory  conditions  such 
as  iritis,  scleritis,  and  myositis.  Other  causes 
include  trauma,  orbital  bone  involvement  by  neo- 
plasms or  sinus  disease,  and  increased  intraocular 
pressure. 
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Case  Study  3 1 

Untreated  MM 


AA  is  a  66-year-old  man  who  was  found  to  have  a 
2.47-mm  thick  choroidal  lesion  in  the  right  tempo- 
ral fundus  in  1996.  Based  on  low  and  regular 
A-scan  reflectivity,  it  was  diagnosed  as  a  small 
melanoma.  He  was  lost  to  follow  up  until  July  2010 
when  he  presented  with  the  complaint  of  a  shadow 
in  his  vision.  The  tumor  had  now  grown  to  7.75  mm 
in  thickness  and  had  a  mushrooming  appearance  on 
B-scan.  He  was  strongly  advised  to  have  a  radioac- 
tive plaque  treatment,  but  he  deferred  and  sought 
out  an  alternative  medical  practitioner  and  under- 
went herbal  therapy.  He  was  seen  6  months  later 
with  echographic  documentation  of  further  growth 
in  the  tumor  (Fig.  1).  He  presented  to  the  clinic  in 
April  of  2011  with  increasingly  severe  pain  in  the 
eye,  and  ultrasound  revealed  that  the  tumor  now 
filled  the  globe  (Fig.  2).  He  had  developed  rubeosis 
iridis  and  had  an  intraocular  pressure  of  58  mm.  He 


continued  to  refuse  appropriate  treatment  and  was 
diagnosed  with  metastatic  tumor  to  the  liver  and 
lungs  6  months  later  and  died  shortly  afterwards. 

Academic  centers  are  often  the  tertiary  stop  on 
the  patient's  search  to  find  the  cause  of  life- 
impacting  ocular  pain.  They  generally  utilize  the 
full  armamentarium  of  an  impressive  array  of  diag- 
nostic testing,  which  increasingly  includes  sophis- 
ticated and  expensive  radiologic  modalities.  It  is 
very  advantageous  in  terms  of  time  and  money  if 
the  patient's  first  contact  with  the  medical  system 
results  in  a  correct  diagnosis  with  the  institution  of 
proper  therapy.  The  gatekeeper  comprehensive 
ophthalmologist  has  the  opportunity  to  intervene  at 
an  early  stage  and  start  the  patient  on  the  road  to 
recovery. 

However,  many  of  the  symptoms  under  the  gen- 
eral classification  of  eye  pain  (aching,  throbbing, 


Fig.  1  Sequential  echograms  of  growing  melanoma  A-scan  of  tumor  surface  (first  arrows)  and  sclera  (second  arrows) 
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Case  Study  31.  Untreated  MM 


Fig.  2  Left:  B-scan  of  melanoma  (first  arrow)  and  retinal  detachment  (second  arrow).  Right:  A-scan  of  tumor  surface 
(first  arrow)  and  retinal  detachment  (second  arrow) 


pressure,  etc.)  ultimately  cannot  be  found  to  have  a 
cause  by  current  diagnostic  technology.  This  may 
change  as  advances  occur  in  techniques.  For  exam- 
ple, the  diagnosis  of  orbital  myositis  was  rarely 
made  before  the  application  of  echographic  and, 
later,  CT  in  the  mid-  to  late  1970s.  The  exclusion  of 
treatable  pathology  is  almost  as  important  as  its 
detection.  Patients  with  chronic  complaints  of  a 
mostly  subjective  basis  can  consume  valuable  and 
limited  medical  resources  as  they  move  from  doc- 
tor to  doctor  and  undergo  multiple  diagnostic  work- 
ups. Echography  in  the  primary  eye  care  setting  can 
provide  reassurance  to  both  clinician  and  patient 
that  there  is  nothing  seriously  wrong  and  there  is 
not  a  need  to  pursue  other  tests  unless  the  symp- 
toms become  more  specific  for  a  disease  process. 

It  is  important  to  follow  a  systematic  approach  in 
the  evaluation  of  a  patient  with  eye  pain.  The  basic 
principles  of  a  careful  history  and  physical  examina- 
tion are  as  important  now  as  they  were  in  the  days  of 
Hippocrates.  The  overreliance  on  diagnostic  tech- 
nology is  a  trap  into  which  many  students  of  the 
medical  sciences  fall.  The  pressures  on  the  practitio- 
ner to  see  a  large  number  of  patients  a  day  in  man- 
aged care  settings  make  it  seem  easier  to  order  a  test 
or  send  for  a  specialty  consultation  than  to  give  full 
attention  to  the  patient  and  really  listen  to  what  he  is 
saying.  One  study  found  that  the  average  patient  is 
interrupted  every  16-18  s  by  the  doctor  as  the  his- 
tory is  being  elicited  [23].  If  the  patient  is  allowed  to 
tell  his  story,  it  generally  takes  less  than  a  couple  of 
minutes,  and  valuable  insights  may  be  gained  that 
otherwise  would  not  be  appreciated. 


Ocular  pain  should  be  analyzed  as  to  its  charac- 
ter, location,  onset,  intensity,  and  duration.  This 
approach  is  generally  applicable  to  any  body  sys- 
tem, and  it  directs  the  subsequent  examination  in 
the  appropriate  direction.  A  helpful  open-ended 
question  is:  "What  do  you  think  is  causing  your 
pain?"  The  patient  has  usually  thought  about  it  long 
enough  to  add  some  important  insight  as  to  etiol- 
ogy. Pain  characterized  by  scratchiness  or  dryness 
is  usually  localized  to  the  anterior  surface  of  the 
eye.  Posterior  segment  and  orbital  pathology  more 
often  cause  pain  of  an  aching  or  boring  type.  It  is 
best  to  let  the  patient  describe  the  pain  in  her  own 
words.  She  should  be  encouraged  to  be  as  specific 
as  possible. 

The  exact  location  of  the  pain  can  be  more  diffi- 
cult to  describe,  but  patients  with  an  orbital  source 
have  a  sense  that  it  is  "deep"  or  "behind  the  eye,"  as 
opposed  to  the  foreign  body  feeling  that  occurs 
with  irritation  of  the  cornea  or  conjunctiva. 
Ophthalmic  pain  associated  with  adjacent  non- 
ocular  areas  can  indicate  a  process,  such  as  the  neu- 
ralgia of  herpes  zoster  with  tingling  and  burning  of 
the  scalp  or  the  tender  temporal  artery  of  giant  cell 
arteritis.  The  paranasal  sinuses  are  a  frequent 
source  of  pain  around  the  eyes.  These  patients  often 
complain  of  a  pressure  feeling  that  is  made  worse 
when  bending  over  or  bearing  down.  The  absence 
of  drainage  from  the  sinuses  into  the  nose  or  throat 
does  not  rule  out  sinus  disease.  Blocked  sinus  ostia 
can  result  in  fluid  buildup  resulting  in  pressure 
pain.  Echography  provides  a  rapid  office  screening 
test  for  sinus  disease. 


Case  Study  31.  Untreated  MM 
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The  onset  of  pain  defines  the  acuteness  of  the 
problem.  A  sudden  onset  is  more  typical  of  an  acute 
inflammatory  process  than  a  slowly  growing  orbital 
tumor.  Many  patients  describe  sharp,  shooting 
pains  that  last  only  a  few  seconds  and  come  spo- 
radically. This  symptom  often  has  no  detectable 
cause  after  a  clinical  examination.  The  patient  can 
be  invited  to  return  to  the  office  if  the  duration  of 
the  pain  increases  enough  to  allow  examination 
during  the  time  of  its  occurrence.  Pain  that  is 
increasing  in  severity  and  duration  over  time  is 
more  concerning  and  merits  a  second  look  by  the 
practitioner. 

The  patient  is  also  asked  to  grade  the  pain  on  a 
l-to-10  scale.  The  ten  of  posterior  scleritis  is  gener- 
ally much  more  severe  than  the  four  or  five  of  retro- 
bulbar neuritis.  It  is  helpful  to  ask  a  family  member 
for  input.  The  wife  of  the  stoic  rancher  will  contra- 
dict his  dismissal  of  a  "little  aching"  and  volunteer 
that  it  is  a  severe  problem  that  keeps  him  awake 
half  of  the  night.  The  mother  of  the  incessantly 
complaining  teenager  may  interject  that  "she  suf- 
fers from  the  princess  and  the  pea  syndrome"  and 
complains  about  every  little  ache  and  pain. 

The  duration  is  correlated  to  the  yield  of  diag- 
nostic testing.  Pain  that  occurs  off  and  on  for  years 
often  results  in  negative  or  equivocal  results  after 
diagnostic  testing  versus  discomfort  that  is  more 
recent  and  less  episodic.  With  less  severe  and  more 
chronic  pain,  it  is  helpful  to  ask  a  spouse  or  other 
family  member  how  long  the  patient  has  com- 


plained about  the  pain.  Old  medical  records  should 
be  obtained.  If  the  patient  has  had  the  same  discom- 
fort for  5  years  instead  of  the  several  months  that  he 
remembered  in  the  history,  it  suggests  less  severe 
disease. 

The  examination  of  structures  including  the  pos- 
terior sclera  is  certainly  more  dependent  on  ancil- 
lary testing  than  those  anteriorly,  but  diagnostic 
clues  can  be  gathered  by  careful  inspection  and  pal- 
pation. For  example,  the  patient  is  instructed  to 
look  as  far  inferiorly  as  possible,  and  the  upper  lid 
is  elevated  to  reveal  the  anterior  aspect  of  processes 
involving  the  lacrimal  gland  or  superior  rectus  and 
superior  oblique  tendons.  The  palpating  finger  is 
gently  pressed  into  the  area  of  the  lacrimal  sac  to 
check  for  a  firm  nodule  suggestive  of  a  tumor  as  the 
cause  for  the  patient's  symptoms  of  epiphora. 

This  area  of  the  body  is  unique  with  its  anatomic 
and  physiologic  interconnections  of  nerves,  mus- 
cles, and  optical  structures.  Eye  pain  can  be  one  of 
the  most  severe  types  of  discomfort  in  the  human 
body  because  of  its  exquisitely  sensitive  afferent 
fifth  nerve  supply.  This  distress  is  amplified  by  a 
very  real  psychological  overlay.  Many  people  view 
sight  as  the  most  precious  of  the  body's  senses,  and 
the  fear  of  its  total  or  even  partial  loss  can  be 
overwhelming. 

Increased  intraocular  pressure  can  be  a  source  of 
ocular  pain.  The  exact  level  of  pressure  to  cause 
pain  varies  from  person  to  person,  but  its  severity  is 
often  correlated  to  the  rapidity  of  onset. 


Case  Study  32 

Secluded  Pupil 


A  A  is  a  56-year-old  Asian  woman  who  presented 
with  pain  and  loss  of  vision  in  her  left  eye.  The  his- 
tory was  hard  to  determine  with  accuracy,  but  she 
felt  that  it  had  all  occurred  within  the  past  couple  of 
weeks.  Examination  found  bare  light  perception  in 
that  eye  and  in  inflamed  eye  with  2+  conjunctival 
injection  and  moderate  corneal  edema.  The  anterior 
chamber  could  not  be  visualized  centrally  but 
appeared  quite  shallow  peripherally.  Intraocular 
pressure  was  recorded  as  53  mm  in  that  eye. 
Echography  showed  a  normal  posterior  segment, 
but  immersion  scan  with  a  20-MHz  probe  showed  a 
secluded  pupil  with  iris  bombe  (Fig.  1)  and  a  large 
intumescent  lens.  Peripheral  iridotomies  were  per- 
formed with  some  deepening  of  the  anterior  cham- 
ber and  reduction  of  pressure  to  27  mm. 

A  chronic  aching  pain  in  the  eye  can  be  caused 
by  a  sulcus-fixated  intraocular  lens.  This  is  espe- 
cially true  with  single-piece  acrylic  lenses. 


Fig.  1  Cornea  (first  arrow),  iris  bombe  (second  arrow), 
and  anterior  lens  capsule  (third  arrow) 
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Case  Study  33 

UGH  Syndrome 


AA  is  a  76-year-old  woman  who  had  undergone 
cataract  surgery  on  her  left  eye  9  months  previous  to 
her  presentation  with  symptoms  of  a  chronic  aching 
feeling  in  that  eye.  The  operative  report  was 
reviewed,  and  it  was  noted  that  there  had  been  a 
posterior  capsular  tear  with  the  implantation  of  a 
single-piece  acrylic  IOL  in  the  ciliary  sulcus. 
Examination  showed  intraocular  pressure  of  25  mm 
and  low-grade  iritis  which  responded  to  topical  ste- 
roids but  recurred  every  time  the  drops  were  stopped. 
Ultrasound  biomicroscopy  demonstrated  contact  of 


the  lens  haptic  with  the  iris  (Fig.  1).  She  was  diag- 
nosed with  the  UGH  (uveitis-glaucoma-hyphema) 
syndrome  and  was  scheduled  for  lens  replacement. 

The  orbit  and  paraorbital  cavities  are  often  the 
source  of  eye  pain.  This  tends  to  be  more  of  an  ach- 
ing or  pressure  feeling  than  the  sharp  or  scratchy 
pain  of  anterior  segment  problems.  Normally  the 
sinuses  are  air-filled  which  blocks  the  transmission 
of  ultrasound  signals,  but  the  presence  of  fluid  or 
solid  tissue  such  as  polyps  or  tumors  can  result  in 
reflection  of  the  sound  beam. 


Fig.  1  Left:  cornea  {top  arrow),  iris  {middle  arrow),  and  cross  section  of  IOL  haptic  {bottom  arrow).  Right:  haptic 
touching  the  iris  {arrow) 
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Case  Study  34 

Mild  Sinusitis 


SH  is  a  52-year-old  woman  with  a  history  of 
shooting  pains  around  her  left  eye  for  several 
years.  She  stated  that  the  episodes  lasted  10-20  s 
and  occurred  several  times  a  day.  She  felt  they 
were  increasing  over  the  past  few  months  and  was 
quite  concerned  about  them  especially  because 
she  "had  a  sister  who  went  blind  from  something 
wrong  with  the  nerves  to  her  eyes."  She  had  been 
to  several  doctors  regarding  this  complaint  over  the 
past  year  and  had  undergone  CT  scanning  with  no 
diagnosis  being  offered.  She  had  been  given  vari- 
ous eyedrops  to  try,  including  artificial  tears,  vari- 
ous anti-inflammatory  agents,  and  antibiotic  drops 
with  no  reduction  of  her  symptoms.  Examination 
was  unremarkable  with  20/20  uncorrected  vision 
and  normal  slit-lamp  and  fundus  examination. 

Echography  was  performed  and  demonstrated 
only  a  few  signals  from  the  ethmoid  sinus  com- 
plexes, suggestive  of  mild  mucous  membrane 
swelling  (Fig.  1).  The  patient  was  informed  that 
this  may  be  the  cause  of  some  of  her  symptoms, 
and  she  was  begun  on  steroid  nasal  sprays.  More 
importantly  she  was  reassured  that  there  was  no 
detectable  serious  cause  of  her  symptoms,  and  she 
was  not  going  blind  like  her  sister.  She  seemed 
greatly  relieved  by  this  explanation,  and  a  follow- 
up  call  to  her  in  6  months  found  that  the  level  of  her 
ocular  symptoms  had  decreased. 

Headache  complaints  are  so  common  in  oph- 
thalmologic practice  that  a  systematic  approach 
must  be  taken  to  avoid  overutilizing  expensive 
radiologic  techniques.  A  careful  history  is  essen- 
tial. Questions  are  directed  to  duration  and  severity 
of  the  complaint  with  special  attention  to  a  recent 
change  in  pattern.  Headaches  that  wake  up  the 
patient  at  night  or  are  present  first  thing  in  the 


Fig.  1  A- scan  of  thickened  mucous  membranes  (arrow) 

morning  are  more  concerning  than  those  that 
appear  after  hours  on  the  computer  or  on  an  espe- 
cially stressful  day  at  work.  Increasing  severity 
and  frequency  of  headaches  are  associated  with 
serious  pathology  in  a  significant  number  of  cases. 
Such  entities  as  compressive  mass  lesions,  intra- 
cranial aneurysms,  and  dangerously  high  blood 
pressure  must  be  considered. 

High  blood  pressure  can  be  immediately  elimi- 
nated as  a  cause  of  headache  and  ocular  pain  at  the 
time  of  the  office  visit.  Every  eye  practitioner 
should  have  a  blood  pressure  cuff  and  stethoscope 
readily  available.  A  good  clinician  will  discover 
several  cases  of  uncontrolled  high  blood  pressure  a 
year.  These  patients  commonly  report  that  "I  am  in 
good  control  with  my  blood  pressure  medications" 
or  even  deny  having  high  blood  pressure  during  the 
history  but  report  being  on  blood  pressure  medica- 
tions when  asked  about  their  medication  list.  Some 
will  state,  "I  just  checked  my  blood  pressure  last 
week  at  the  grocery  store  and  it  was  okay."  The 
American  Heart  Association  recently  lowered  the 
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Case  Study  34.  Mild  Sinusitis 


criteria  for  the  definition  of  normal  blood  pressure 
to  an  upper  limit  of  120/80.  This  is  not  just  an  arbi- 
trary definition  to  make  life  harder  for  patients,  but 
is  based  on  epidemiological  evidence  that  blood 
pressure  higher  than  this  value  puts  the  patient  into 
a  hypertensive  suspect  group  and  leads  to  an 
increased  risk  of  cardiovascular  disease  such  as 
heart  attack  and  stroke  [24] . 

Other  simple  office  tests  in  the  evaluation  of 
headaches  include  palpation  around  the  eye  and 
periocular  area  for  tenderness.  A  palpably  tender 
temporal  artery  is  suspicious  for  temporal  arteritis 
in  an  individual  aged  70  years  or  older  with  a  his- 
tory of  significant  headaches,  jaw  claudication,  and 
amaurosis  fugax.  Tenderness  in  the  area  of  the  lac- 
rimal gland  is  suggestive  of  inflammation  or  malig- 
nancy. One  of  the  causes  of  a  tender  eyeball  can 
be  the  ocular  ischemic  syndrome.  In  this  entity, 


subtotal  occlusion  of  the  external  carotid  or  com- 
mon carotid  artery  can  result  in  ischemia  to  the 
globe  with  pain  and  tenderness. 

The  optic  disc  should  be  carefully  evaluated  for 
papilledema.  Obscuration  of  vessels  on  the  disc 
with  engorgement  and  splinter  hemorrhage  is 
highly  suspicious  for  increased  intracranial  pres- 
sure. Echography  is  a  test  that  can  easily  be  per- 
formed in  the  office  to  evaluate  the  optic  nerve  head 
for  calcified  drusen  and  the  retrobulbar  nerve  for 
increased  sheath  fluid.  In  the  30°  test,  the  nerve  is 
measured  in  the  primary  position  and  remeasured 
as  the  patient  abducts  the  eye  30°.  A  reduction  of 
more  than  20  %  in  thickness  is  suggestive  of 
increased  fluid  around  the  nerve  consistent  with 
papilledema.  The  most  common  cause  of  such 
increased  nerve  sheath  fluid  is  pseudotumor 
cerebri. 


Case  Study  35 

Optic  Nerves  in  Pseudotumor  Cerebri 


JB  is  a  42-year-old  woman  with  a  history  of  obesity 
and  increasingly  severe  headaches  over  several 
months.  She  also  complained  of  transient  gray  outs 
of  vision  in  her  right  eye  when  she  stood  up.  These 
had  increased  over  a  month  to  several  times  a  day 
and  lasted  15-25  s  at  a  time.  Examination  by  an 
ophthalmologist  documented  mild  elevation  of  the 
right  optic  nerve  more  than  the  left  and  blurring  of 
both  disc  margins. 

Echography  was  performed  and  no  calcified  dru- 
sen  were  detected.  The  right  optic  nerve  measured 

5.4  mm  in  primary  gaze  with  a  reduction  to  3.8  mm 
on  the  30°  test  (Fig.  1).  The  left  nerve  measured 

4.5  mm  with  a  borderline  change  to  3.7  mm  on  the 
30°  test.  This  was  felt  to  be  consistent  with  pseudo- 
tumor cerebri  (idiopathic  intracranial  hypertension 
or  ICH),  and  the  patient  was  referred  for  neurologi- 
cal evaluation.  A  spinal  tap  found  increased  opening 


pressure,  and  this  coupled  with  a  normal  MRI  scan 
supported  the  diagnosis  of  ICH. 

Headaches  and  pains  around  the  eyes  are  not 
infrequently  related  to  various  kinds  of  sinus  dis- 
ease. The  close  proximity  of  the  paranasal  sinuses 
to  the  orbit  and  the  relatively  thin  bones  that  sepa- 
rate the  sinus  cavities  from  the  orbital  tissue  can 
result  in  sinus  abnormalities  causing  the  patient's 
complaints.  The  classic  symptoms  and  signs  of 
sinusitis  include  pressure  pain  around  the  eyes  that 
is  made  worse  on  bending  over  or  bearing  down 
and  focal  tenderness  directly  over  the  involved 
sinus.  There  can  be  atypical  variations,  however, 
with  eye  pain  as  the  main  complaint.  Occasionally 
sinus  disease  is  related  to  such  painful  orbital  con- 
ditions as  myositis  or  optic  neuritis. 

These  cavities  in  the  head  are  normally 
air  filled,  which  blocks  the  penetration  of  the 


Fig.  1  Left:  A-scan  of  thickened  optic  nerve  {vertical  arrows).  Right:  reduction  in  thickness  after  30°  (vertical  arrows) 
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high-frequency  sound  waves  generated  by  the 
A-scan.  The  detection  of  signals  on  A-scan  exami- 
nation indicates  something  in  the  sinus  besides  air, 
such  as  mucous  membrane  swelling,  fluid,  or 
polyp  formation,  although  it  is  relatively  common 
to  see  one  or  two  spikes  from  the  area  of  the  eth- 
moid sinus  in  normal  individuals  with  no  other 
evidence  of  sinus  disease.  This  is  probably  from  a 
nondiseased  ethmoid  air  cell  that  reflects  the  sig- 
nal because  of  its  size  or  orientation  with  respect 
to  the  sound  beam  (Fig.  2).  Sinus  pathology  can  be 
further  evaluated  by  CT  scanning  after  detection 
by  the  A-scan  if  it  is  extensive. 


Fig.  2  A-scan  of  ethmoid  sinus  air  cell  (arrow) 


Case  Study  36 

Sinus  Polyp 


CL  is  a  23 -year-old  woman  who  experienced 
intermittent  aching  around  her  left  eye  for  several 
months.  It  had  recently  become  more  constant  and 
was  severe  enough  to  wake  her  from  a  sound  sleep 
on  two  occasions.  Her  primary  care  doctor  had 
ordered  a  set  of  sinus  x-rays  that  were  reported  as 
normal.  He  prescribed  pain  pills  and  suggested  she 
consult  an  eye  doctor  if  her  symptoms  worsened. 
She  continued  to  have  symptoms  and  was  evaluated 
by  an  ophthalmologist  who  performed  a  complete 
eye  examination  with  no  objective  findings  to 
explain  her  pain. 

He  performed  an  A- scan  in  the  office  that  revealed 
moderate  left  maxillary  sinus  signals  most  consis- 
tent with  a  solid  lesion,  such  as  a  polyp,  and  mild 
ethmoid  signals  suggestive  of  mucous  membrane 
swelling  (Fig.  1).  She  was  put  on  a  course  of  antibi- 
otics and  decongestants  and  referred  for  a  CT  scan. 
Her  symptoms  improved,  and  the  CT  confirmed  a 
polyp  in  the  left  maxillary  sinus.  She  was  told  to 
make  an  appointment  with  an  ear,  nose,  and  throat 
(ENT)  doctor  for  surgical  removal  of  the  polyp  if 
her  symptoms  recurred  and  were  bothersome  to  her. 

The  paranasal  sinuses  can  be  seen  on  both 
transocular  (through  the  globe)  and  paraocular 
(bypassing  the  globe)  ultrasound  examination.  The 
ethmoid  sinus  complex  is  most  easily  examined  by 
transocular  A-scan.  The  probe  is  placed  temporally 
on  the  globe,  usually  with  the  eyelids  closed.  This 
position  provides  unimpeded  access  to  the  sinus 
without  interference  from  the  brow  or  nose.  The  eye 
acts  as  an  acoustic  window  to  allow  excellent  trans- 
mittance  of  the  signal.  Normally  the  thin  medial 
wall  of  the  sinus,  the  lamina  papyracea,  is  displayed 
as  a  high  reflective  spike  (Fig.  2),  and  the  air-filled 


Fig.  2  A-scan  of  lamina  papyracea  (arrow) 

sinus  that  it  bounds  serves  as  a  barrier  to  the  pene- 
tration and  propagation  of  high-frequency  sound. 

Abnormalities  of  these  sinuses  can  also  be 
detected  on  the  paraocular  examination.  For  the 
ethmoids,  the  A-scan  probe  is  placed  medial  to  the 
globe  and  directed  towards  the  ethmoid  complex. 
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Fig.  3  Top:  CT  scan  of  ethmoid  opacity  (arrow).  Bottom: 
A-scan  of  orbital  bone  (first  arrow)  and  ethmoid  sinus 
signals  (second  arrow) 

The  probe  is  swept  in  small  movements  back  and 
forth  (anterior  to  posterior)  and  up  and  down  (supe- 
rior to  inferior),  watching  for  any  spikes  that  may 
occur.  The  presence  of  spikes  correlates  to  the 
mucous  membrane  swelling,  fluid,  or  solid  lesions, 
such  as  polyps  or,  rarely,  malignancy.  The  A-scan 
findings  generally  correlate  to  the  presence  of 
abnormalities  as  found  on  CT  (Fig.  3),  but  radio- 
logic studies  are  more  specific  for  the  extent  and 
type  of  pathology. 

The  non-air-filled  maxillary  sinus  can  also  be 
seen  on  A-scan.  The  probe  is  placed  superiorly  on 
the  globe  and  aimed  downward  towards  the  cheek, 
although  a  prominent  brow  can  make  it  somewhat 
difficult  to  aim  the  sound  beam  directly  into  the 
sinus  as  it  passes  through  the  eye.  An  alternative  is 


Case  Study  36.  Sinus  Polyp 


Fig.  4  A-scan  of  orbital  bone  (first  arrow)  and  signifi- 
cant ethmoid  spikes  (second  arrow) 

to  visualize  this  sinus  in  a  paraocular  view  by  gently 
inserting  the  probe  below  the  globe  inside  the  infe- 
rior orbital  rim  and  aiming  towards  the  sinus.  The 
thin  bone  of  the  orbital  floor  will  allow  the  transmis- 
sion of  the  ultrasound  beam  and  reflect  signals  when 
the  sinus  is  not  completely  air  filled.  Significant 
abnormalities  in  this  sinus  can  also  be  detected  by 
placing  the  A-scan  probe  on  the  cheek  under  the  eye 
with  a  liberal  application  of  methylcellulose  and 
watching  for  echo  spikes  coming  from  within. 

The  frontal  sinus  is  rarely  displayed  because  of 
its  smaller  size  and  the  thick  frontal  bone  that 
encloses  it.  It  is  best  seen  in  pathological  conditions 
by  placing  the  probe  directly  over  the  frontal  sinus 
just  above  the  brow  and  aiming  into  the  sinus. 

Significant  sinus  disease  usually  demonstrates 
multiple  high-amplitude  A-scan  signals  with  a 
decreasing  amplitude,  as  there  is  some  loss  of 
sound  energy  as  the  spikes  are  generated  more 
deeply  within  the  sinus  cavity  (Fig.  4).  In  milder 
cases  of  sinusitis,  a  lesser  number  and  lower  height 
of  signals  is  probably  the  result  of  mucous  mem- 
brane swelling  within  the  sinus,  which  is  often 
clinically  nonsignificant.  The  advantage  of  echog- 
raphy as  a  screening  method  is  the  ease  of  use  and 
the  rapidity  of  diagnosis. 

When  a  patient  is  diagnosed  with  mild-to-moderate 
sinus  disease  based  on  A-scan  criteria,  it  is  reason- 
able to  offer  a  trial  of  oral  decongestants  and  nasal 
sprays  for  a  week  to  see  if  the  symptoms  resolve. 


Case  Study  37 

Ethmoid  Sinusitis 


AB  is  a  70-year-old  man  who  had  chronic  pain 
around  his  left  eye.  He  described  this  pain  as  an 
aching  with  some  intermittent  pressure  component. 
He  had  been  seen  by  several  ophthalmologists  with 
diagnoses  ranging  from  allergy  to  dry  eye.  Clinical 
examination  was  basically  unremarkable,  and  a 
plain  film  sinus  x-ray  had  been  read  as  normal. 

Echography  was  performed  and  revealed  a  large 
number  of  high  reflective  signals  from  the  left  eth- 
moid complex  that  decreased  in  height  towards  the 
posterior  wall  of  the  sinus  (Fig.  1).  This  was  inter- 
preted as  a  non-air-filled  sinus.  He  was  referred  for 
ENT  evaluation,  but  the  examination  was  normal, 
and  plain  film  sinus  x-rays  were  reviewed  by  the 
otolaryngologist  and  said  to  be  unremarkable. 
Finally,  a  sinus  CT  scan  was  performed  and  verified 
the  presence  of  ethmoid  sinus  opacification  (Fig.  2). 

The  ultrasound  spikes  are  nonspecific,  and  only  a 
CT  scan  can  distinguish  a  mass  in  the  sinus  versus 
other  pathology.  Rarely,  malignancy  can  originate  in 
the  sinuses  or  invade  them  secondarily.  Such  pathol- 
ogy would  be  suspected  on  A-scan  by  the  intensity 
of  signals  and  their  depth  into  the  sinus.  There  is 
often  bone  destruction  with  malignant  processes, 
and  this  effects  the  A-scan  by  allowing  deeper  pen- 
etration of  the  sound  beam  into  the  sinus  cavity  than 
is  normally  detected  when  the  bone  is  intact. 


Fig.  1  A-scan  of  ethmoid  sinusitis  (vertical  arrows) 


Fig.  2  CT  scan  of  ethmoid  sinus  opacity  (arrow) 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_37,  ©  Springer  Science+Business  Media  New  York  2014 


111 


Case  Study  38 

Sinus  Melanoma 


TA  was  an  80-year-old  woman  who  presented  with 
complaints  of  pain  around  her  left  eye.  Examination 
found  a  normal  right  eye  and  a  pseudophakic  left 
eye  with  vision  of  20/25  and  lateral  displacement  of 
this  eye  by  3  mm.  There  was  mild  edema  of  the 
nasal  lid  on  examination  and  some  tenderness  to 
palpation.  She  was  treated  with  antibiotics  and 
decongestants  but  returned  in  2  weeks  with  worsen- 
ing of  her  symptoms. 

Echography  demonstrated  multiple  high  reflec- 
tive spikes  originating  deeply  within  the  ethmoid 
complex  (Fig.  1).  CT  scan  was  consistent  with  a 
mass  in  the  sinus  with  bone  destruction  (Fig.  2), 
and  she  was  referred  to  ENT  for  biopsy.  The  pathol- 
ogy report  stated  that  a  primary  sinus  malignant 
melanoma  had  invaded  the  orbit.  The  tumor  proved 
unresponsive  to  therapy,  and  she  died  from  meta- 
static melanoma  within  a  few  months. 

Bone  destruction  is  not  always  a  result  of  a  malig- 
nant process.  Sinus  mucoceles  can  erode  into  the 
orbit  from  the  sinus  with  the  creation  of  a  bony 
defect.  These  are  most  common  in  the  superior  nasal 
orbit  and  originate  from  the  frontal  ethmoid  com- 
plex. The  patient  may  be  minimally  aware  of  the 
lesion  in  the  early  stages  of  development,  but  later 
might  experience  a  dull  aching  pain  as  the  mucocele 
grows  in  size  and  eventually  causes  inferomedial 
displacement  of  the  globe.  This  malposition  often 
occurs  slowly  enough  that  diplopia  is  not  recognized. 
Palpation  may  reveal  a  firm  lesion  with  a  gritty  tex- 
ture to  it.  This  is  due  to  a  thin  shell  of  bone  that 
encapsulates  the  lesion  as  it  expands  into  the  orbit. 

A-scan  usually  demonstrates  a  low  to  low-to- 
medium  reflective   lesion   depending   on  the 


Fig.  1  A-scan  of  sinus  melanoma  (arrows) 


Fig.  2  Computed  tomography  scan  of  sinus  melanoma 
(arrow) 
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amount  of  mucous  that  it  contains.  It  is  quite  well 
outlined  as  the  rim  of  bone  creates  a  highly  reflec- 
tive interface.  A  characteristic  finding  of  an 
orbital  mucocele  is  a  bony  defect  detected  as  the 
A-scan  probe  is  angled  over  the  lesion.  This 
appears  as  a  sudden  dropout  of  the  medial  orbital 
bone  spike  with  the  appearance  of  another  deeper 
signal  that  comes  from  the  wall  of  the  sinus.  This 
creates  the  so-called  zigzag  sign  as  described  by 


Ossoinig,  wherein  the  orbital  bone  and  sinus  wall 
spikes  seem  to  jump  up  and  down  as  the  probe 
moves  across  the  bone  defect.  This  is  not  pathog- 
nomonic of  a  mucocele  because  other  processes 
that  erode  bone  can  give  a  similar  picture.  A  CT 
scan  is  then  recommended  to  further  evaluate  the 
extent  of  the  process.  Rarely  an  orbital  mucocele 
can  enter  the  intracranial  cavity  as  it  grows 
medially. 


Case  Study  39 

Frontal  Ethmoidal  Mucocele 


TA  was  a  72-year-old  sheepherder  who  had  not 
received  any  medical  care  for  a  number  of  years. 
He  presented  with  complaints  of  a  deep  aching 
pain  and  double  vision.  Examination  revealed 
vision  in  the  left  eye  of  20/40  and  5  mm  of  propto- 
sis  with  4  mm  of  left  globe  displacement  inferolat- 
erally.  His  referring  ophthalmologist  suspected 
Graves'  disease. 

Echography  demonstrated  a  large  lesion  in  the 
superior  nasal  left  orbit  with  a  prominent  bone 
defect  (Figs.  1  and  2).  The  posterior  sinus  wall 
spike  was  quite  deep.  Signals  from  the  other  para- 
nasal sinuses  were  detected,  and  the  diagnosis  of 
a  mucocele  and  pansinusitis  was  made.  CT  scan 
showed  a  huge  mucocele  with  erosion  intracrani- 
ally  bordered  by  a  thin  rim  of  bone  (Fig.  3). 

The  nasolacrimal  system  can  also  generate 
A- scan  signals  if  there  are  abnormalities.  When  the 
probe  is  angled  medially  and  somewhat  inferiorly 
in  the  direction  of  the  lacrimal  sac,  it  can  often  be 


Fig.  1  A-scan  of  lesion  (arrow) 


Fig.  2  B-scan  of  mucocele  (arrows) 


Fig.  3  Computed  tomography  scan  of  large  mucocele  (arrow) 
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Case  Study  39.  Frontal  Ethmoidal  Mucocele 


displayed  along  with  the  nasolacrimal  duct  in  the 
normal  individual,  although  the  anatomy  of  this 
system  is  better  appreciated  on  immersion  B-scan 
and  the  course  of  the  duct  from  the  nasolacrimal 
fossa  to  the  inferior  meatus  of  the  nose  can  some- 
times be  followed.  Multiple  A-scan  spikes  from  this 


area  are  suggestive  of  abnormality.  Dacryocystitis 
will  result  in  swelling  of  the  lacrimal  sac  that  can  be 
appreciated  on  echographic  examination.  The  pres- 
ence of  mucus,  stones,  polyps,  and,  rarely,  malig- 
nant tumors  will  result  in  multiple  spikes  coming 
from  the  sac. 


Case  Study  40 

Foreign  Body  in  Nasolacrimal  Duct 


CB  is  a  34-year-old  woman  who  had  undergone 
LASIK  refractive  surgery  6  years  prior  to  presenta- 
tion. She  experienced  symptomatic  dry  eyes  after- 
wards, and  punctal  plugs  were  placed  in  the  lower 
punctae  bilaterally  with  improvement  in  her  symp- 
toms. For  the  past  several  months,  she  experienced 
intermittent  tearing  and  pain  in  the  left  eye.  There 
was  some  tenderness  to  palpation  in  the  area  of  the 
left  lacrimal  sac.  A  punctal  plug  was  visible  in  the 
right  lower  punctum  but  not  in  the  left. 

Echography  was  performed,  and  immersion 
B-scan  using  the  saline-filled  finger  of  a  glove  over 
the  probe  detected  a  possible  foreign  body  signal  in 
the  area  of  the  nasolacrimal  ostium  in  the  inferior 
outlet  of  the  sac  (Fig.  1).  This  was  consistent  with 


migration  of  the  plug  with  a  ball  valve  obstruc- 
tion of  the  nasolacrimal  system.  A  dacryocystorhi- 
nostomy (DCR)  was  performed  and  the  plug  was 
removed. 

Chronic  aches  and  pains  around  the  eyes  are 
quite  common  with  sinus  disease  as  the  culprit  in 
many  patients,  but  there  are  other  causes  detectable 
by  echography.  It  is  not  uncommon  for  the  lacrimal 
glands  to  be  involved  by  infectious,  inflammatory, 
or  malignant  processes. 

The  probe  should  be  placed  in  the  superotempo- 
ral  area  of  the  orbit  and  angled  from  the  orbital  rim 
towards  the  globe.  This  procedure  should  be  per- 
formed from  about  the  12:00  position  over  to  10:30 
for  the  right  orbit  and  12:00-1:30  for  the  left  to 


Fig.  1  Left:  immersion  B-scan  of  foreign  body  {vertical  arrow)  in  lacrimal  sac  {horizontal  arrow).  Right:  B-scan  of 
foreign  body  at  junction  of  lacrimal  sac  and  nasolacrimal  duct  {arrow) 
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Fig.  2  Normal  lacrimal  gland  (arrows) 

encompass  the  entire  lacrimal  gland.  Normally  a 
medium-to-high  reflective  structure  is  seen  measur- 
ing 9-14  mm  in  the  anterior  to  posterior  dimension 
(Fig.  2). 

Abnormalities  should  be  suspected  if  the  gland  is 
much  larger  than  this,  if  there  is  more  than  2-3  mm 
asymmetry  between  the  right  and  left  side,  or  if 
internal  reflectivity  is  low  or  low  to  medium  on  the 
A-scan.  Also  any  complaints  of  tenderness  as  gen- 
tle pressure  by  the  probe  is  applied  supports  an 
abnormality  of  the  lacrimal  gland  as  being  caus- 
ative in  the  patient's  complaints  of  orbital  pain. 

Various  inflammatory  cells  can  invade  the  lacri- 
mal gland  as  part  of  an  orbital  pseudotumor.  With 


Case  Study  40.  Foreign  Body  in  Nasolacrimal  Duct 

modern  imaging  techniques,  the  general  designa- 
tion of  pseudotumor  is  usually  directed  to  the  spe- 
cific orbital  structure  that  is  involved:  myositis  with 
extraocular  muscles,  dacryoadenitis  with  the  lacri- 
mal gland,  optic  neuritis  with  the  optic  nerve,  and 
posterior  scleritis.  There  may  be  involvement  of 
one  or  more  of  these  structures,  and  there  are  some- 
times collections  of  inflammatory  cells  in  other 
parts  of  the  orbit  giving  a  masslike  effect  in  the  case 
of  an  orbital  pseudotumor. 

The  question  of  lacrimal  gland  infection  versus 
nonspecific  inflammation  can  only  be  resolved  by 
biopsy  and  microscopic  study  with  growth  of  an 
organism  on  culture.  It  is  more  practical  to  docu- 
ment thickening  of  the  gland  by  echography  or  CT 
scan  and  start  the  patient  on  a  course  of  antibiotics. 
The  clinical  response  then  directs  further  diagnos- 
tic and  therapeutic  efforts. 

According  to  Wright,  about  50  %  of  lacrimal 
infiltrative  processes  are  inflammatory  or  infiltra- 
tive and  the  other  half  are  due  to  epithelial  tumors, 
with  half  of  these  being  malignant  epithelial 
lesions,  although  other  authors  [25]  suggest  a 
higher  ratio  of  nonepithelial  processes  such  as  lym- 
phoma. A-scan  reflectivity  can  provide  important 
clues  to  these  entities. 

Lid  tics  and  blepharospasm  are  very  common  in 
clinical  practice.  Inflammation  of  the  lacrimal  gland 
can  sometimes  be  the  cause  of  these  symptoms. 


Part  III 

Eye  Pain 


One  of  the  most  common  patient  complaints  in  a 
general  ophthalmic  practice  is  pain  in  or  around  the 
eye.  The  starting  point  in  the  evaluation  of  this 
symptom  is  a  thorough  history.  The  patient  must  be 
given  time  while  the  examiner  attentively  listens  to 
the  narrative.  A  careful  physical  examination  is 
then  performed  with  detailed  attention  to  ocular 
and  periocular  structures  as  directed  by  the  history. 
The  examination  starts  with  an  overview  of  the 
whole  patient.  Non-ocular  clues,  such  as  acne  rosa- 
cea or  vitiligo  (patches  of  depigmented  skin),  can 
aid  the  diagnosis.  The  slit  lamp  is  an  indispensable 
tool  to  evaluate  the  anterior  segment  for  a  multitude 
of  conditions  causing  pain  from  the  superficial 


punctuate  keratopathy  of  keratoconjunctivitis  sicca 
to  a  chronic  smoldering  iritis.  The  ophthalmoscope 
(direct  and  indirect)  is  equally  useful  in  the  inspec- 
tion of  the  posterior  segment  from  the  optic  nerve 
head  to  the  pars  plana.  The  addition  of  echography 
to  the  clinician's  armamentarium  greatly  expands 
the  ability  to  determine  the  source  of  the  patient's 
pain. 

The  largest  category  of  eye  pain  includes  the 
"itis"  which  includes  inflammatory  conditions  such 
as  iritis,  scleritis,  and  myositis.  Other  causes 
include  trauma,  orbital  bone  involvement  by  neo- 
plasms or  sinus  disease,  and  increased  intraocular 
pressure. 
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Case  Study  41 

Dacryoadenitis 


CN  is  an  18-year-old  man  who  was  noted  by  his 
parents  to  "blink  excessively"  on  the  left  side.  He 
stated  that  he  had  only  a  slight  vague  discomfort  on 
that  side  and  was  not  certain  why  he  was  repeti- 
tively blinking.  A- scan  examination  revealed  a  lac- 
rimal gland  enlarged  to  15.35  mm  on  the  left  versus 
13.2  mm  on  the  right  (Fig.  1).  It  had  a  medium 
reflective  area  and  was  mildly  tender  to  compres- 
sion by  the  probe.  He  was  diagnosed  with  dacryo- 
adenitis and  given  a  course  of  antibiotics  with 
resolution  of  his  symptoms  over  several  weeks, 
although  repeat  echography  revealed  slight  residual 
thickening  of  the  gland  of  14.4  mm.  He  was 
instructed  to  return  for  follow-up  in  4  months. 

Sjogren's  syndrome  is  relatively  common,  and 
lacrimal  gland  dysfunction  is  correlated  to  an  inva- 
sion of  the  tissue  by  inflammatory  cells.  A-scan 
examination  of  the  lacrimal  gland  in  these  patients 
can  be  helpful  in  demonstrating  thickening  and 
areas  of  low  reflectivity  within  the  gland.  However, 
the  gland  in  more  mild  cases  of  Sjogren's  syndrome 
often  appears  unremarkable  on  echographic 
evaluation. 

Sarcoidosis  can  involve  the  lacrimal  gland  and 
may  be  difficult  to  diagnose  because  of  its  varied 
clinical  presentations.  It  is  stated  that  about  8  %  of 


patients  with  sarcoidosis  will  have  lacrimal  gland 
involvement  [26].  It  affects  the  eye  and  orbit  in 
about  20  %  of  cases  and  can  result  in  episcleritis, 
scleritis,  iritis,  vitritis,  retinal  vasculitis,  and  optic 
neuritis.  The  incidence  of  paraocular  involvement 
is  less  well  defined  as  the  symptoms  can  be  subtle, 
and  orbital  imaging  studies  are  often  not  performed. 
A-scan  can  supply  helpful  diagnostic  information 
by  demonstrating  lacrimal  gland  enlargement  with 
areas  of  low-to-medium  reflectivity. 


Fig.  1  A-scan  of  inflamed  lacrimal  gland  (vertical 
arrows) 
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Case  Study  42 

Dacryoadenitis  and  Sarcoidosis 


CS  is  a  54-year-old  woman  who  had  a  history  of 
uveitis  8  years  previously.  She  had  a  mild  chronic 
cough  and  had  a  "normal"  chest  x-ray  in  the  last 
year.  A- scan  examination  of  the  lacrimal  gland 
showed  bilaterally  enlarged  lacrimal  glands  with 
areas  of  medium  internal  reflectivity  (Fig.  1). 
Sarcoidosis  was  included  in  the  differential  diagno- 
sis, and  she  was  referred  for  a  chest  CT  that  revealed 
enlarged  perihilar  lymph  nodes  consistent  with  sar- 
coidosis. A  bronchial  endoscopic  biopsy  confirmed 
the  diagnosis. 

Benign  mixed  cell  tumors  or  pleomorphic  ade- 
nomas are  responsible  for  about  25  %  of  epithelial 
tumors  of  the  lacrimal  gland.  These  tumors  are  not 
truly  benign  because  of  the  fact  that  they  can  be 
converted  into  locally  invasive  and  potentially 
lethal  malignancies  by  incomplete  biopsy.  An  en 
bloc  excision  must  be  performed  with  the  removal 
of  all  the  involved  part  of  the  lacrimal  gland.  A-scan 
is  quite  helpful  in  this  situation  by  alerting  the  sur- 
geon to  the  possibility  of  a  pleomorphic  adenoma 


Fig.  1  A-scan  of  lacrimal  gland  in  sacrcoidosis  (vertical 
arrows) 

and  the  need  to  plan  an  appropriate  surgical 
approach.  The  reflectivity  pattern  is  medium-to- 
high  reflective  with  a  decrease  in  the  average  inter- 
nal spike  height  from  the  anterior  to  the  posterior 
part  of  the  lesion  (angle  kappa)  as  described  by 
Ossoinig. 
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Case  Study  43 

Pleomorphic  Adenoma  of  Lacrimal  Gland 


SS  noted  some  prominence  of  her  right  eye  with 
mild  discomfort  over  several  months.  Examination 
found  2  mm  of  proptosis  on  the  right  side  and  mild 
inferior  displacement  of  the  globe.  A-scan  demon- 
strated a  medium-to-high  reflective,  well-  outlined 
lesion  in  the  superior  temporal  orbit.  A  significant 
angle  kappa  was  demonstrated  with  the  initial  part 
of  the  lesion  noted  to  be  high  reflective,  which  uni- 
formly decreased  to  medium  height  in  the  mid-to- 
posterior  part  of  the  tumor  (Fig.  1).  It  was  rather 
firm  and  nontender  upon  compression  by  the 
probe.  There  was  some  molding  of  the  bone,  but 
no  bone  defect  was  detected.  A  diagnosis  of  prob- 
able benign  mixed  cell  tumor  of  the  lacrimal  gland 
was  made,  and  an  en  bloc  excision  later  confirmed 
this. 

These  tumors  can  be  confused  on  A-scan  with 
cavernous  hemangiomas  of  the  orbit.  The  reflectiv- 
ity pattern  is  cavernous-like  (alternating  high-  and 
low-medium  spikes)  in  both  lesions.  In  cavernous 
hemangiomas,  this  is  due  to  the  cystic  spaces  filled 
with  stagnant  blood  with  minimal  flow  (Fig.  2). 
The  sound  beam  strikes  the  septae  between  blood- 
filled  cavities  and  becomes  high  reflective.  It  starts 
to  decrease  in  height  of  reflectivity  as  it  passes 
through  the  homogenous  blood,  but  soon  hits  other 
septae  and  becomes  high  again.  This  repetitive  pat- 
tern of  high  and  low  spikes  as  it  passes  through  the 


tumor  gives  a  characteristic  honeycomb  or  cavern- 
ous A-scan  pattern  (Fig.  3). 

A  similar  pattern  is  seen  in  benign  mixed  cell 
lacrimal  tumors  because  of  the  tissue  structure  of 
solid  homogeneous  populations  of  cells  with  con- 
nective tissue  pseudoseptae  interspersed  among 
them  (Fig.  4).  This  tissue  structure  results  in  an 
A-scan  pattern  of  high  spikes  separated  by  low 
areas  (Fig.  5).  A  key  differential  point  is  the  usual 
anatomic  location  of  cavernous  hemangiomas  in 
the  muscle  cone  compared  to  mixed  cell  lacrimal 
tumors  that  are  located  in  the  superior  temporal 
orbit.  Lacrimal  tumors  are  usually  detectable  on  the 
paraocular  examination  because  of  their  more  ante- 
rior location,  while  cavernous  hemangiomas  are 
not  because  of  their  deeper  position  in  the  orbit. 

Adenocarcinomas  of  the  lacrimal  gland  are 
responsible  for  about  25  %  of  epithelial  tumors  in  this 
structure.  They  usually  present  clinically  with  a  more 
rapid  onset  than  benign  mixed  tumors,  and  there  is 
often  significant  pain  associated  with  them  due  to 
perineural  infiltration.  The  prognosis  for  survival  is 
less  than  50  %  after  5  years  [27].  They  tend  to  invade 
the  orbital  bone  relatively  early  in  their  course,  and 
this  is  best  demonstrated  on  CT  scan  with  bone  win- 
dows. A-scan  demonstrates  a  firm  gland  with  irregu- 
lar internal  reflectivity.  The  lesion  borders  are  often 
ill-defined,  especially  with  bone  involvement. 
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Fig.  1  A-scan  of  pleomorphic  adenoma  (arrows)  kappa 
(arrows) 


Fig.  2  Microscopic  structure  of  cavernous  hemangioma 


Fig.  3  A-scan  of  cavernous  hemangioma  (vertical  arrows) 


Case  Study  43.  Pleomorphic  Adenoma  of  Lacrimal  Gland 


Fig.  4  Microscopic  structure  of  pleomorphic  adenoma 


Fig.  5  A-scan  of  pleomorphic  adenoma  of  lacrimal 
gland  (vertical  arrows) 


Case  Study  44 

Adenocystic  Carcinoma  of  Lacrimal  Gland 


LL  was  a  56-year-old  man  with  complaints  of  a 
deep  aching  around  his  right  eye  for  several  weeks. 
Examination  found  a  firm,  somewhat  tender  mass 
in  the  area  of  the  lacrimal  gland.  A-  and  B-scan 
revealed  a  poorly  defined  lesion  with  high  and  low 
areas  with  the  appearance  of  a  cystic  pattern  in 
some  parts  of  the  tumor  (Fig.  1). 

Computed  tomography  scan  showed  bone 
destruction  with  extension  of  the  lesion  posteriorly 
into  the  orbit.  Biopsy  of  the  lacrimal  gland  con- 
firmed an  adenocystic  carcinoma.  He  later  under- 
went orbital  exenteration. 

The  superior  orbit  is  frequently  a  source  of  com- 
plaints of  pain  and  tenderness.  The  patient  is 
instructed  to  look  as  far  inferiorly  as  possible,  and 
the  examiner  carefully  inspects  the  superior  fornix 
for  clinical  findings  such  as  conjunctival  injection, 
lid  edema,  or  other  signs  of  inflammation.  With  the 
exception  of  disease  of  the  lacrimal  gland,  echo- 
graphic  and  radiologic  studies  are  often  unremark- 
able in  the  examination  of  this  area,  and  the  patient 
can  be  reassured  that  there  is  no  significant  disease 
process.  The  cause  of  the  pain  is  usually  nondetect- 
able  with  current  imaging  techniques  since  ultra- 
sound, CT,  and  MRI  scans  are  also  interpreted  as 
unremarkable. 

An  exception  to  the  low  diagnostic  yield  in  the 
superior  orbit  is  the  entity  of  trochleitis  with  supe- 
rior oblique  tendonitis,  which  can  be  readily 
detected  on  A- scan.  The  tendon  is  best  imaged  by 
placing  the  probe  on  the  inferior  temporal  sclera 


and  aiming  towards  the  superior  nasal  orbit  in  a 
transocular  approach.  The  probe  should  then  be 
moved  in  small  back-and-forth  and  side-to- side 
movements  to  maximally  image  the  tendon.  It  runs 
along  the  medial  wall  of  the  orbit  until  it  joins  the 
superior  oblique  muscle  and  arches  towards  the 
orbital  apex.  It  is  thickened  and  lower  reflective 
than  the  opposite  superior  oblique  tendon  when 
inflamed.  The  trochlea  is  best  seen  by  imaging  the 
superior  oblique  tendon  in  a  transocular  view  and 
then  looking  at  the  orbital  tissue  just  temporal  to 
this  area. 
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Fig.  1  A- scan  of  adenocystic  carcinoma  of  lacrimal 
gland  (vertical  arrows) 
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Case  Study  45 

Superior  Oblique  Tendonitis 


NB  is  a  26-year-old  man  who  complained  of  pain 
and  pressure  around  his  left  eye.  It  was  aggravated 
somewhat  when  he  looked  down.  A- scan  measured 
the  left  superior  oblique  tendon  to  be  3.59  mm 
compared  to  2.1  mm  on  the  right  (Fig.  1).  There 
was  thickening  of  the  trochlear  area  (Fig.  2),  and 
the  patient  experienced  some  tenderness  when  gen- 
tle pressure  was  applied  with  the  probe  at  this  point. 
The  diagnosis  of  superior  oblique  tendonitis  and 
trochleitis  was  made,  and  steroid  was  injected  into 
the  area  of  the  trochlea  with  marked  relief  of  his 
symptoms  after  several  days. 

Superior  oblique  tendonitis  is  in  the  subcategory 
of  orbital  myositis  under  the  more  general  category 
of  orbital  pseudotumor.  Idiopathic  inflammation  of 
any  of  the  extraocular  muscles  can  result  in  severe 
pain  behind  the  eye  that  is  aggravated  by  move- 
ment. Usually  the  discomfort  is  most  severe  when 
the  patient  looks  in  the  opposite  direction  to  the 
involved  muscle.  In  other  words,  myositis  of  the 
left  medial  rectus  would  result  in  increased  pain  on 
abducting  the  left  eye  because  of  the  stretch  on  the 
inflamed  muscle. 

The  systemic  workup  of  orbital  myositis  is  usu- 
ally unrewarding.  The  inflammatory  process  is  gen- 
erally confined  only  locally  to  the  orbit  and  is  not 
part  of  other  inflammatory  conditions  in  the  body. 
Echography  is  quite  sensitive  in  the  diagnosis  of 
myositis  and  is  a  valuable  technique  to  follow  the 
patient  over  time  to  document  the  progress  of  the 
condition.  A  single  extraocular  muscle  is  most  com- 
monly involved,  but  other  muscles  on  the  same  side 
or  in  the  opposite  orbit  may  also  be  affected.  The 
muscle  tendon  is  commonly  involved  in  myositis  and 
shows  low  reflective  thickening  on  A-scan  and  echo- 
lucency  up  to  its  attachment  to  the  globe  on  B-scan. 


Other  causes  of  extraocular  muscle  thickening,  such 
as  Graves'  disease,  usually  do  not  involve  the  ten- 
don, and  this  is  an  important  differential  feature 


Fig.  1  A-scan  of  inflamed  superior  oblique  muscle  (ver- 
tical arrows) 


Fig.  2  A-scan  of  thickened  trochlea  (vertical  arrows) 
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Case  Study  46 

Orbital  Myositis 


TH  is  a  9-year-old  boy  who  was  picked  up  from  day 
care  by  his  mother  when  she  noted  that  his  right  eye 
was  quite  red  with  prominent  swelling  and  redness 
of  the  eyelids.  He  was  somewhat  uncomfortable  so 
she  proceeded  directly  to  the  emergency  room.  An 
ophthalmologist  was  called  to  examine  the  child, 
and  his  differential  diagnosis  included  orbital  cel- 
lulitis and  rhabdomyosarcoma.  The  operating  room 
was  notified  and  the  boy  was  tentatively  scheduled 
for  orbital  exploration  and  biopsy,  but  he  was 
referred  for  echography  prior  to  surgery. 

A-scan  demonstrated  marked  thickening  of  the 
right  lateral  rectus  muscle  measuring  10.0  mm 
compared  to  3  mm  for  the  left  lateral  rectus  (Fig.  1). 
Internal  reflectivity  was  quite  low  and  regular.  The 
tendon  was  noted  to  be  thickened.  The  diagnosis  of 
orbital  myositis  was  made,  and  the  patient  was 
given  a  loading  dose  of  prednisone,  and  the  surgery 
was  delayed  for  24  h.  He  showed  marked  improve- 
ment by  the  next  day,  and  the  steroids  were  tapered 
over  the  next  2  weeks,  with  resolution  of  the  process 
as  documented  on  repeat  echography. 

Orbital  myositis  may  be  a  chronic  disease  with 
initial  response  of  the  condition  to  anti-inflammatory 
treatment,  but  later  flare-ups  require  reinstitution  of 
therapy.  Echography  is  an  easy  and  effective 
method  to  monitor  these  patients  over  time. 


.1 ,1, 

'   piijivii|riirfitrr  mrpm  mrpm  Miprii|rrr^N jiiijiJirpiniiiiiiiiiip. 

i  fi 

i 

Fig.  1  Top:  A-scan  of  inflamed  lateral  rectus  muscle 
(vertical  arrows).  Bottom:  A-scan  of  lateral  rectus  tendon 
(arrows) 
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Case  Study  47 

Low-Grade  Orbital  Myositis 


JH  is  a  3  5 -year-old  woman  who  noted  the  sudden 
onset  of  pain  behind  her  left  eye.  Her  symptoms 
worsened  on  left  gaze,  and  she  noted  some  diplopia 
when  looking  in  that  direction.  A  CT  scan  was 
equivocal  regarding  thickening  of  the  left  lateral 
rectus  muscle. 

Echography  revealed  low  reflectivity  on  A- scan 
and  echolucency  with  tendon  thickening  on  B-scan 
(Fig.  1).  The  diagnosis  of  left  lateral  rectus  myositis 
was  made,  and  the  patient  was  started  on  indometh- 
acin  and  gradually  improved  over  a  week.  However, 
repeat  ultrasound  at  that  time  revealed  only  a  slight 
reduction  in  the  thickness  of  the  muscle.  The  patient 
suffered  a  recurrence  of  her  symptoms  several 
times  over  the  next  2  years.  Because  of  the  persis- 
tence of  the  condition,  a  biopsy  of  the  lateral  rectus 
was  performed  with  the  pathological  diagnosis  of 
low-grade  inflammatory  infiltration. 

Orbital  myositis  is  not  uncommonly  associated 
with  sinus  disease.  The  close  proximity  of  the  eth- 
moid sinuses  to  the  medial  rectus  and  the  maxillary 
sinus  to  the  inferior  rectus  may  be  the  source  of  the 
extraocular  muscle  inflammation  by  the  infected 
sinus.  If  prednisone  is  prescribed  for  these  patients, 
it  is  advisable  to  cover  them  with  concurrent  treat- 
ment by  oral  antibiotic  therapy 

The  tendonitis  component  of  orbital  myositis  is 
often  accompanied  by  an  inflammation  of  the  sclera 
contiguous  to  the  area  of  tendon  insertion.  This 
may  be  a  secondary  reaction  to  the  primary  myosi- 
tis. Conversely,  there  may  be  inflammation  of  the 
adjacent  extraocular  muscle  tendon  in  posterior 
scleritis.  This  can  give  a  picture  much  like  myositis, 
wherein  there  is  pain  when  the  patient  moves  the 
eye  especially  in  the  opposite  direction  to  the 
inflamed  tendon. 
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Fig.  1  Top:  A- scan  of  chronically  inflamed  extraocular 
muscle  (arrows).  Bottom:  B-scan  of  tendon  (arrow) 
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Case  Study  48 

Orbital  Myositis  and  Scleritis 


MK  is  a  32-year-old  woman  who  complained  of 
redness  and  discomfort  of  her  right  eye  for  several 
days.  Her  pain  was  worse  when  she  looked  to  the 
left.  C/mical  examination  demonstrated  focal  injec- 
tion over  the  area  of  the  medial  rectus  tendon.  A- 
and  B-scan  showed  thickening  and  low  reflectivity 
of  this  tendon.  The  medial  rectus  muscle  belly 
appeared  to  be  of  normal  thickness  and  internal 
reflectivity.  The  adjacent  sclera  was  slightly  thick- 
ened with  increased  echolucency  of  subtenon's 
space  (Fig.  1).  She  responded  to  an  oral  anti- 
inflammatory with  resolution  of  her  symptoms  over 
several  weeks. 

Scleritis  may  present  as  a  deep  boring  pain  in  the 
eye.  The  B-scan  is  often  useful  in  the  demonstra- 
tion of  focal  scleral  thickening  with  typical  inflam- 
matory edema  of  the  adjacent  subtenon's  space, 
which  appears  as  echolucency  on  the  scan.  The 
A- scan  correlates  with  high-to-medium  reflective 
thickening  of  the  sclera  and  low  reflectivity  in  the 
retrobulbar  space. 


Fig.  1  B-scan  of  focal  scleritis  (first  arrow)  adjacent  to 
an  inflamed  extraocular  muscle  (second  arrow) 
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Case  Study  49 

Posterior  Scleritis 


ST  is  a  21 -year-old  man  who  complained  of  an 
intermittent  chronic  throbbing  pain  behind  his  eye. 
There  was  only  mild  temporal  conjunctival  injec- 
tion on  clinical  examination.  B-scan  demonstrated 
posterior  scleral  thickening  with  echolucency  of 
subtenon's  space  (Fig.  1).  A-scan  quantitated  the 
thickness  of  the  sclera  to  be  2. 1  mm  and  revealed  an 
adjacent  low  reflective  area  in  the  orbit.  He  had  no 
associated  systemic  symptoms  and  was  started  on 
an  oral  nonsteroidal  anti-inflammatory  with  grad- 
ual improvement  of  his  symptoms  over  2  weeks. 
Repeat  echography  showed  resolution  of  the  scleral 
edema. 

Posterior  scleritis  can  be  difficult  to  diagnose 
clinically  if  there  is  not  an  anterior  component  to 
the  characteristic  conjunctival  injection  and  scleral 
edema.  It  has  sometimes  been  misdiagnosed  as  a 
choroidal  tumor  on  the  intraocular  examination 
when  the  inflamed  sclera  causes  edema  of  the  adja- 
cent choroid. 

Benign  reactive  lymphoid  hyperplasia  is  another 
entity  that  can  be  misdiagnosed  as  a  tumor.  These 
patients  are  found  to  have  focal  echolucency  of 
subtenon's  space  with  thickening  of  the  involved 


choroid.  There  is  a  nodular  type  of  thickening  of 
subtenon,  and  this  correlates  pathologically  to  a 
focal  collection  of  inflammatory  cells.  The  process 
usually  causes  only  mild  discomfort  unlike  the 
deep  pain  of  scleritis,  and  the  sclera  is  generally  of 
normal  thickness. 


Fig.  1  B-scan  of  posterior  scleritis  with  scleral  thicken- 
ing (arrow) 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_49,  ©  Springer  Science+Business  Media  New  York  2014 


135 


Case  Study  50 

Benign  Reactive  Lymphoid  Hyperplasia 


KE  is  a  43 -year-old  woman  who  presented  with  the 
complaint  of  several  weeks  of  blurred  vision  in  her 
left  eye.  She  gave  a  history  of  a  mild  aching  feeling 
intermittently  during  that  time  period.  Examination 
found  visual  acuity  of  20/20  OD  and  20/50  OS. 
The  slit-lamp  examination  was  unremarkable,  but 
fundus  examination  of  the  left  eye  found  a  creamy 
yellowish  choroidal  thickening  of  the  temporal  pos- 
terior pole. 

Echography  revealed  choroidal  thickening  on 
A-  and  B-scan  with  a  focal  low  reflective  lesion  in 
the  retrobulbar  space  (Fig.  1).  The  sclera  was  of 
normal  thickness  and  reflectivity.  The  differential 
diagnosis  included  a  neoplastic  process  such  as 
lymphoma,  but  was  suggestive  of  benign  reactive 
lymphoid  hyperplasia  because  of  the  nodular  area 
in  subtenon's  space.  The  process  improved  over 
several  weeks,  and  systemic  workup  was  negative 
for  malignancy. 

Other  disease  processes  can  invade  subtenon's  space. 
Various  types  of  lymphoma  can  involve  this  space  with 
a  cellular  infiltrate  that  will  give  echolucency  on  B-scan 


Fig.  1  B-scan  of  choroidal  thickening  (small  arrow)  with 
adjacent  subtenon's  lucency  (large  arrow) 


and  low  reflectivity  on  A-scan  indistinguishable  from 
inflammatory  edema. 
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Case  Study  5 1 

Orbital  Large  Cell  Lymphoma 


MA  was  a  5 5 -year-old  man  who  presented  with 
recent  reduction  of  vision  in  his  right  eye  and  some 
mild  discomfort.  C/mical  examination  found  swell- 
ing in  the  posterior  pole  of  the  fundus  and  mild 
papilledema. 

Echography  was  performed  and  demonstrated  dif- 
fuse thickening  of  the  retinochoroid,  increased 
lucency  in  subtenon's  space,  and  mild  thickening  of 
the  retrobulbar  optic  nerve  (Fig.  1).  He  was  felt  to 
have  an  inflammatory  process  and  started  on  high- 
dose  oral  steroids.  He  initially  improved  with  resolu- 
tion of  his  pain  and  recovery  of  his  vision  to  20/25. 
However,  a  month  later,  his  ocular  symptoms  recurred 
and  he  became  systemically  ill  with  an  enlarged  liver 
and  spleen.  He  died  shortly  thereafter,  and  autopsy 
discovered  systemic  large  cell  lymphoma. 

The  Vogt-Koyanagi-Harada  (VKH)  syndrome  is 
another  disease  entity  that  can  occasionally  present 


Fig.  1  B-scan  of  subtenon's  infiltration  by  large  cell 
lymphoma  (arrow) 

with  inflammatory  infiltration  in  subtenon's  space. 
The  choroid  may  demonstrate  characteristic  low-to- 
medium  reflectivity  with  increased  scleral  thickness. 
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Case  Study  52 

Choroiditis  and  Vogt-Koyanagi-Harada 
Syndrome 


DR  was  a  27-year-old  man  of  Middle  Eastern 
extraction  who  complained  of  severe  headaches 
and  some  neck  pain.  He  had  noted  several  patches 
of  depigmentation  on  his  skin  and  some  whitening 
of  eyelashes.  He  also  mentioned  blotchy  vision 
worsening  over  the  past  several  weeks.  C/mical 
examination  found  subretinal  fluid  inferiorly  in  the 
right  eye.  B-scan  demonstrated  choroidal  thicken- 
ing and  mild  echolucency  in  subtenon's  space 
(Fig.  1).  There  was  medium  internal  reflectivity  on 
A- scan  (Fig.  2). 

Graves'  disease  can  sometimes  be  shown  to  have 
lucency  of  sub  tenons.  This  finding  can  be  present  in 


Fig.  1  B-scan  of  choroidal  infiltration  in  Vogt-Koyanagi- 
Harada  syndrome  (arrow) 


several  retrobulbar  inflammatory  conditions.  It  may 
occur  in  Graves'  patients  who  have  an  acute  inflam- 
matory process  with  the  rapid  onset  of  chemosis, 
lid  edema,  and  some  degree  of  ocular  discomfort. 
Pathologically,  inflammatory  cells  involving  both 
the  extraocular  muscles  and  orbital  connective  tis- 
sue and  fat  infiltrate  the  orbit  diffusely.  This  infil- 
tration with  accompanying  edema  can  involve  the 
retrobulbar  area  and  give  the  echographic  picture  of 
echolucency. 


Fig.  2  A-scan  of  choroidal  infiltration  in  Vogt-Koyanagi- 
Harada  (arrows) 
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Case  Study  53 

Inflammatory  Graves'  Disease 


BD  is  a  76-year-old  man  who  presented  at  the 
emergency  room  with  a  picture  resembling  orbital 
cellulitis.  His  right  orbit  appeared  congested  with 
marked  chemosis,  lid  edema,  and  he  had  limitation 
of  ocular  movement.  These  findings  combined  with 
a  significant  degree  of  pain  prompted  the  ER  doc- 
tor to  initiate  antibiotic  intravenous  therapy.  First- 
generation  CT  scanning  showed  only  diffuse  orbital 
opacification  thought  to  be  consistent  with  celluli- 
tis. A-scan  was  later  obtained  and  demonstrated 
enlargement  of  all  of  his  extraocular  muscles  with 
massive  low  reflective  thickening  of  the  superior  rec- 
tus. Increased  echolucency  in  subtenon's  space  was 
noted  (Fig.  1).  The  diagnosis  of  acute  inflammatory 
Graves'  disease  with  concurrent  myositis  was  made, 
and  he  was  started  on  high-dose  steroids  with  rapid 
improvement  in  the  inflammatory  symptoms. 

Echography  is  especially  helpful  in  the  evalua- 
tion of  various  extraocular  muscle  disorders.  The 
quantitative  capacity  of  A-scan  allows  for  the  mea- 
surement of  muscle  thickness  to  an  accuracy  of 
0.5  mm.  Serial  comparisons  of  muscle  thickness 
over  time  are  possible  by  measuring  the  thickness 
at  the  greatest  dimension.  The  measurement  of  an 
extraocular  muscle  at  its  maximum  dimension 
allows  for  a  reproducible  measurement  of  that  mus- 
cle over  time.  This  provides  a  major  advantage  over 
other  imaging  modalities  by  providing  quantitation 
of  muscle  thickness,  which  is  of  great  importance 
in  diagnosing  and  treating  different  conditions 
affecting  these  muscles. 
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Fig.  1  Top:  A-scan  of  right  superior  rectus  (arrows);  bot- 
tom: B-scan  of  muscle  (arrow) 
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Case  Study  54 

Myositis  and  Graves'  Disease 


DH  is  a  5 5 -year-old  man  who  was  diagnosed  with 
acute  inflammatory  myositis  of  his  right  superior 
rectus  muscle  based  on  CT  scan  findings  of  thick- 
ening of  that  muscle  with  other  extraocular  muscles 
(EOMs)  appearing  of  normal  thickness.  His  initial 
symptoms  of  pain  and  marked  swelling  were 
greatly  relieved  by  high-dose  prednisone  treatment. 
However,  he  continued  to  have  signs  of  orbital 
congestion  with  some  degree  of  exophthalmos. 
Echography  was  obtained  and  the  other  extraocular 
muscles  were  measured  to  be  of  thickness  greater 
than  the  upper  limits  of  normal  on  a  nomogram. 
Their  internal  reflectivity  on  A-scan  was  consistent 
with  Graves'  disease.  The  internal  spikes  were 
medium- to-high  reflective  (Fig.  1).  His  thyroid 
workup  found  a  borderline  low  TSH  with  the  pres- 
ence of  antithyroid  antibodies.  He  was  referred  for 
management  of  the  thyroid  to  his  internist.  His  oph- 
thalmologist followed  his  ocular  status  with  a  plan 
for  radiation  therapy  or  decompressive  surgery  if 
his  Graves'  orbitopathy  worsened. 


Fig.  1  A-scan  of  typical  Graves'  muscle  (vertical 
arrows) 


Another  cause  of  thickened  extraocular  muscles 
with  low-grade  orbital  pain  is  the  venous  conges- 
tion that  occurs  from  low-flow  arteriovenous  fistu- 
las such  as  is  found  in  a  dural-sinus  fistula.  This 
originates  from  an  abnormal  connection  between 
the  arterioles  of  the  intracranial  dura  and  the  cav- 
ernous sinus.  Such  a  connection  can  occur  after 
head  trauma  or,  more  commonly,  spontaneously. 
The  extraocular  muscles  in  these  patients  are  gener- 
ally not  as  thick  as  in  patients  with  Graves'  disease 
but  may  be  above  the  upper  limits  of  normal  muscle 
diameter.  This  thickening  is  due  to  the  venous  con- 
gestion of  the  orbit  due  to  the  stasis  of  outflow. 

The  spontaneous  occurrence  of  a  dural-sinus 
fistula  without  a  history  of  trauma  is  most  often 
found  in  middle-aged  women  who  present  with 
chronic  complaints  of  aching  around  either  one  or 
both  eyes  and  who  are  found  on  examination  to 
have  corkscrew  conjunctival  and  episcleral  vascu- 
lar injection  with  elevation  of  the  intraocular  pres- 
sure. They  may  have  blood  in  Schlemm's  canal  as 
viewed  on  gonioscopy. 

Echography  may  reveal  enlargement  of  the  supe- 
rior ophthalmic  vein  with  rapidly  moving  spikes 
consistent  with  arterial  blood  flow.  In  many  cases, 
however,  the  flow  is  low  grade,  and  the  dilated 
superior  ophthalmic  vein  is  imaged  by  B-scan  with- 
out the  detection  of  rapid  arterial  flow.  However, 
orbital  color  Doppler  can  often  detect  the  superior 
ophthalmic  vein  in  such  patients  (Fig.  2)  and  dem- 
onstrate reversal  of  flow  (the  vein  is  displayed  with 
red  color  instead  of  blue)  with  pulse  wave  forms 
quantitatively  diagnostic  of  arterial  flow. 

A  relatively  common  cause  of  orbital  pain 
is  inflammation  of  the  optic  nerve  as  occurs  in 
optic  neuritis.  These  patients  usually  present  with 
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Case  Study  54.  Myositis  and  Graves'  Disease 


Fig.  2  Top:  color  Doppler  of  arterialized  superior 
ophthalmic  vein  {arrow).  Bottom:  B-scan  of  superior 
ophthalmic  vein  {arrow) 

mild- to- severe  pain  made  worse  on  movement  of  the 
eye.  Optic  neuritis  is  often  associated  with  reduction 
of  visual  acuity  and  a  central  scotoma.  The  process 
may  be  idiopathic  but  is  commonly  part  of  a  demy- 
elinating  disease  such  as  multiple  sclerosis. 

Echography  is  often  unremarkable  in  these  cases, 
whereas  MRI  scanning  will  show  enhancement  of 
the  optic  nerve  sheath  consistent  with  inflamma- 
tion. However,  the  B-scan  will  sometimes  demon- 
strate the  T  sign  as  the  edema  associated  with 
inflammation  results  in  a  retrobulbar  echolucency 
connecting  with  the  optic  nerve  shadow  (Fig.  3). 
The  optic  nerve  may  be  thickened  on  A-scan  and 
demonstrate  a  mildly  positive  30°  test.  In  this  tech- 
nique, the  patient  is  instructed  to  look  about  30° 
temporally,  and  the  optic  nerve  is  remeasured  and 
compared  to  the  measurement  in  primary  gaze. 


Fig.  3  B-scan  of  subtenon's  lucency  in  optic  neuritis 

{arrow) 


Increased  fluid  within  the  optic  nerve  sheath  tends 
to  spread  out  on  abduction  of  the  eye  and  results  in 
a  thinning  of  the  sheath- to- sheath  diameter.  This 
test  is  usually  most  helpful  in  cases  of  pseudotumor 
cerebri  with  papilledema  but  can  sometimes  be  use- 
ful in  the  setting  of  optic  neuritis. 

Measurement  of  the  optic  nerve  by  A-scan  is 
based  on  the  same  principles  as  that  of  the  extraoc- 
ular muscles.  The  nerve  is  usually  visualized  by 
placing  the  probe  on  the  temporal  globe  and  direct- 
ing it  nasally.  Otherwise,  the  opposite  placement 
(nasally)  should  be  tried  if  the  nerve  is  difficult  to 
image.  The  probe  is  angled  to  display  the  nerve  just 
posterior  to  its  exit  from  the  globe  and  then  is  fol- 
lowed into  the  posterior  orbit.  As  postulated  in  the 
measurement  of  the  extraocular  muscles,  refraction 
of  the  sound  beam  enables  it  to  be  maintained  in  a 
perpendicular  direction  to  the  nerve  sheaths.  The 
spike  of  each  sheath  is  maximized  in  height  and 
smoothness  of  the  ascending  limbs.  The  maximal 
thickness  of  the  nerve  is  noted  and  this  is  taken  as 
the  nerve  dimension. 

Optic  neuritis  sometimes  causes  mild  thickening 
of  the  optic  nerve,  but  the  30°  test  is  usually  negative 
or  equivocal  at  best.  It  is  postulated  that  the  nerve 
parenchyma  is  swollen  due  to  the  inflammation  and 
there  is  a  minimal  increase  in  the  perineural  optic 
sheath  cerebrospinal  fluid.  This  is  more  suggestive 
of  thickening  of  the  nerve  substance  as  it  resists  com- 
pression on  the  30°  test.  A-scan  measurements  do 
not  change  appreciably  in  primary  gaze  versus  those 
taken  on  abduction  of  the  globe  by  30°. 


Case  Study  55 

Retrobulbar  Neuritis 


MD  is  a  32-year-old  woman  who  presented  with 
pain  behind  her  left  eye  and  loss  of  central  vision. 
The  pain  worsened  on  looking  horizontally  in  either 
direction.  Examination  revealed  visual  acuity  in 
that  eye  of  20/200,  a  positive  afferent  pupil  defect, 
and  a  normal-appearing  optic  disc.  The  presumed 
diagnosis  of  retrobulbar  neuritis  was  made  based 
on  the  clinical  setting. 

Echography  was  performed,  and  A- scan  mea- 
sured the  right  optic  nerve  to  be  3.2  mm  in  greatest 
diameter  and  the  left  nerve  3.88  mm  (Fig.  1).  The 
30°  test  was  negative  with  a  nonsignificant  reduc- 
tion to  3.74  mm  on  abduction  of  the  left  eye.  B-scan 
showed  mild  echolucency  of  subtenon's  space  pos- 
terior to  the  left  globe.  These  findings  were  consis- 
tent with  optic  nerve  edema  secondary  to  retrobulbar 
neuritis. 

Most  cases  of  optic  neuritis  are  the  result  of 
demyelinating  disease,  but  there  are  rarely  other 
causes  such  as  sarcoidosis.  These  patients  usually 


Fig.  1  A- scan  of  mild  optic  nerve  thickening  in  optic 
neuritis  (vertical  arrows) 

present  with  a  chronic  course  with  fluctuating 
vision  and  low-grade  pain  over  time.  They  may 
have  other  areas  of  ocular  inflammation  such  as  iri- 
tis, panuveitis,  vitritis,  and  retinal  vasculitis. 
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Case  Study  56 

Sarcoid  Optic  Neuritis 


KD  is  a  43-year-old  woman  who  had  a  history  of 
recent  cough  and  shortness  of  breath,  a  nodular  rash 
on  her  legs,  and  reduced  vision  in  her  left  eye  with 
mild  aching.  Examination  revealed  some  sheathing  of 
the  mid-peripheral  retinal  vessels  and  moderate  edema 
of  the  optic  disc  with  several  disc  hemorrhages. 
Echography  demonstrated  thickening  of  the  optic 
nerve  to  4.5  mm  on  A- scan  and  some  increased 
lucency  of  subtenon's  space  by  B-scan  at  the  globe/ 
optic  nerve  junction  (Fig.  1).  The  30°  test  was  nega- 
tive with  no  significant  change  in  nerve  diameter  on 
abduction  of  the  globe.  Later  workup  included  a 
chest  CT,  serum  angiotensin-  converting  enzyme 


Fig.  1  B-scan  of  sarcoid  involvement  of  optic  neuritis 
with  increased  subtenon's  lucency  (arrow) 


levels,  and  a  parotid  gland  biopsy  that  demonstrated 
noncaseating  granulomas.  The  patient  was  referred 
for  bronchoscopy,  which  supported  the  diagnosis  of 
sarcoidosis. 

Rarer  causes  of  optic  neuritis  include  herpes  sim- 
plex and  herpes  zoster,  syphilis,  Lyme  disease,  and 
other  infectious  etiologies.  Pain  accompanies  these 
entities  to  varying  degrees.  There  is  usually  some 
degree  of  visual  loss,  and  clinical  examination  reveals 
a  spectrum  of  optic  disc  swelling  from  a  normal 
appearance  in  purely  retrobulbar  neuritis  to  fulminant 
papilledema.  Echography  is  useful  in  the  workup  of 
inflammatory  optic  nerve  processes  by  revealing  the 
presence  of  one  or  a  combination  of  the  following: 
fluid  around  the  nerve,  parenchymal  edema,  and  solid 
infiltration  of  the  nerve.  It  can  also  assist  in  identify- 
ing causes  of  pseudopapilledema,  such  as  optic  disc 
drusen  or  anomalous  disc  morphology. 

Orbital  pain  can  be  due  to  pathology  of  the  sub- 
periosteal space,  such  as  infection  or  inflammation. 
Acute  sinusitis  may  respond  initially  to  antibiotic 
treatment,  but  the  patient  may  not  fully  recover 
after  several  weeks,  which  should  alert  the  clini- 
cian to  the  possibility  of  a  subperiosteal  abscess. 
The  patient  may  show  initial  improvement  with 
antibiotic  treatment  but  then  stagnates  clinically 
with  chronic  lid  edema,  tenderness,  and  pain. 
Echographic  studies  demonstrate  thickening  of  the 
subperiosteal  space  and  low  reflectivity  consistent 
with  inflammatory  infiltration.  This  condition  often 
requires  surgical  drainage  to  resolve  the  problem. 
Echography  is  a  cost-effective  and  safe  way  to  fol- 
low up  the  effectiveness  of  treatment. 
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Case  Study  57 

Subperiosteal  Abscess 


CDL  is  a  7 -year-old  boy  who  presented  to  his 
pediatrician  with  a  history  of  pain  and  eyelid 
swelling  around  his  right  eye  for  several  days. 
The  clinical  diagnosis  of  acute  sinusitis  with  early 
orbital  cellulitis  was  made,  and  he  was  admitted 
to  the  hospital  for  intravenous  (IV)  antibiotic  ther- 
apy. He  responded  with  marked  improvement  over 
several  days  and  was  discharged  on  oral  antibiot- 
ics. He  had  mild  persistent  pain  and  swelling  over 
the  next  3  weeks  with  a  low-grade  fever. 

Plain  film  x-rays  were  unremarkable,  but 
echography  revealed  low  reflective  thickening 


of  the  subperiosteal  space  in  the  superior  nasal 
orbit  (Fig.  1).  The  diagnosis  of  a  subperiosteal 
abscess  was  made,  and  the  child  was  referred  to 
an  orbital  surgeon  for  surgical  drainage  of  the 
abscess. 

Expansion  of  this  space  by  hemorrhage  can 
also  result  in  acute  discomfort.  This  may  happen 
as  part  of  the  labor  of  pregnancy  with  the 
increased  orbital  pressure  of  the  associated 
Valsalva  forces.  It  can  also  occur  spontaneously 
in  pregnancy  because  of  the  increased  general 
venous  congestion. 
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Fig.  1  Left:  A-scan  of  subperiosteal  abscess  (vertical  arrows).  Right:  B-scan  of  abscess  (arrow) 
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Case  Study  58 

Subperiosteal  Hemorrhage 


MS  is  a  21 -year-old  pregnant  woman  of  34  weeks 
gestation  who  noted  the  sudden  onset  of  severe  pain 
behind  her  left  eye.  Examination  revealed  mild  pro- 
ptosis  and  upper  lid  edema.  Radiological  studies  were 
felt  inadvisable  because  of  her  pregnancy.  Echography 
demonstrated  echolucency  of  subtenon's  space  on 
B-scan  and  low  reflectivity  on  A-scan  (Fig.  1).  The 
diagnosis  of  subperiosteal  hemorrhage  was  made  and 


she  was  treated  conservatively  with  Tylenol  and  cold 
compresses  with  gradual  resorption  of  the  blood. 

Spontaneous  subperiosteal  hemorrhage  can 
occasionally  occur  due  to  preexisting  venous 
anomalies.  The  spectrum  of  orbital  varices  over- 
laps with  orbital  lymphangiomas,  either  of  which 
can  result  in  spontaneous  orbital  or  subperiosteal 
hemorrhage. 


Fig.  1  Left:  A-scan  of  subperiosteal  hemorrhage  (vertical  arrows).  Right  B-scan  of  the  subperiosteal  space  (vertical  arrow) 
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Case  Study  59 

Bleed  into  Lymphangioma 


LL  is  a  25 -year-old  woman  who  presented  with  the 
sudden  onset  of  pain  around  her  right  eye  and  noted 
a  "blood  blister"  under  the  upper  eyelid  with  some 
lid  ecchymosis.  Echography  revealed  widening, 
echolucency,  and  low  reflectivity  of  the  subperios- 
teal space  (Fig.  1).  She  was  treated  with  cold  com- 
presses and  the  discontinuation  of  aspirin  products. 
Follow-up  ultrasound  demonstrated  a  multicystic 


Fig.  1  A-scan  of  subperiosteal  hemorrhage  (vertical 
arrows) 


lesion  consistent  with  an  orbital  lymphangioma  or 
orbital  varix.  She  had  a  history  of  a  similar  lesion 
under  her  tongue. 

Less  common  causes  of  pain  around  the  eye  and 
orbit  include  metastatic  tumors  from  distant  sites  or 
secondary  invasion  from  contiguous  areas,  such  as 
the  paranasal  sinuses.  This  pain  is  especially  severe 
in  rapidly  expanding  lesions  that  often  induce  an 
inflammatory  reaction,  in  cases  of  perineural  inva- 
sion and  also  in  those  with  bone  destruction. 

Metastatic  invasion  of  the  orbit  may  give  a  V  pat- 
tern of  reflectivity  on  the  A-scan.  This  appearance 
is  due  to  the  manner  of  infiltration  of  the  orbital 
tissue  by  the  malignant  cells.  The  area  of  invasion 
becomes  relatively  low  reflective  because  of  the 
dense  homogeneity  of  the  neoplastic  cell  popula- 
tion with  a  relative  paucity  of  interfaces  between 
different  tissue  types.  Adjacent  to  the  central  con- 
centration of  cells  are  areas  of  higher  reflectivity 
and  heterogeneity  as  malignant  cells  less  densely 
infiltrate  normal  orbital  tissue.  The  A-scan  spikes 
in  such  an  area  are  reflected  more  strongly  by  the 
multiple  tissue  interfaces.  Metastatic  tumors  in  the 
orbit  are  generally  quite  firm  to  compression  when 
they  are  imaged  on  the  paraocular  examination. 
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Case  Study  60 

Orbital  Metastasis 


LT  is  a  45 -year-old  woman  with  a  history  of  breast 
carcinoma  treated  5  years  previously  with  mastec- 
tomy, radiation,  and  chemotherapy.  She  had  been  in 
remission  since  that  time  but  presented  with  painful 
proptosis  of  her  right  eye.  She  also  complained  of 
diplopia  and  was  found  to  have  some  restriction  of 
her  extraocular  motility.  Fundus  examination  did 
not  reveal  any  choroidal  tumors. 

The  A-scan  demonstrated  an  orbital  mass  superi- 
orly that  was  quite  hard  to  compression  by  the  probe 
on  the  paraocular  examination.  Internal  reflectivity 
of  this  lesion  was  irregular  with  a  V  pattern  of  higher 
peripheral  spikes  that  decreased  in  height  towards 
the  center  of  the  lesion  and  rose  again  on  the  oppo- 
site side  (Fig.  1).  The  differential  diagnosis  in  this 
patient  included  metastatic  breast  carcinoma  of  the 
orbit.  This  was  later  confirmed  on  needle  biopsy, 
and  she  underwent  a  course  of  palliative  orbital 
radiation  that  temporarily  relieved  her  symptoms. 

Invasion  and  destruction  of  the  orbital  walls 
creates  high-reflective  tissue  interfaces  that  are 


Fig.  1  A-scan  of  metastatic  tumor  in  the  orbit  with  a  V 
pattern  of  reflectivity  (vertical  arrows) 

displayed  outside  the  normal  boundaries  of  the 
orbit.  The  invasive  process  erodes  the  bony  walls  of 
the  orbit,  and  the  ultrasound  beam  is  able  to  pene- 
trate more  deeply  than  it  can  normally.  The  display 
of  signals  beyond  the  usual  limits  is  a  clue  to  the 
absence  of  bone. 
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Part  III 

Eye  Pain 


One  of  the  most  common  patient  complaints  in  a 
general  ophthalmic  practice  is  pain  in  or  around  the 
eye.  The  starting  point  in  the  evaluation  of  this 
symptom  is  a  thorough  history.  The  patient  must  be 
given  time  while  the  examiner  attentively  listens  to 
the  narrative.  A  careful  physical  examination  is 
then  performed  with  detailed  attention  to  ocular 
and  periocular  structures  as  directed  by  the  history. 
The  examination  starts  with  an  overview  of  the 
whole  patient.  Non-ocular  clues,  such  as  acne  rosa- 
cea or  vitiligo  (patches  of  depigmented  skin),  can 
aid  the  diagnosis.  The  slit  lamp  is  an  indispensable 
tool  to  evaluate  the  anterior  segment  for  a  multitude 
of  conditions  causing  pain  from  the  superficial 


punctuate  keratopathy  of  keratoconjunctivitis  sicca 
to  a  chronic  smoldering  iritis.  The  ophthalmoscope 
(direct  and  indirect)  is  equally  useful  in  the  inspec- 
tion of  the  posterior  segment  from  the  optic  nerve 
head  to  the  pars  plana.  The  addition  of  echography 
to  the  clinician's  armamentarium  greatly  expands 
the  ability  to  determine  the  source  of  the  patient's 
pain. 

The  largest  category  of  eye  pain  includes  the 
"itis"  which  includes  inflammatory  conditions  such 
as  iritis,  scleritis,  and  myositis.  Other  causes 
include  trauma,  orbital  bone  involvement  by  neo- 
plasms or  sinus  disease,  and  increased  intraocular 
pressure. 
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Case  Study  61 

Sinus  Carcinoma 


AT  was  a  54-year-old  man  who  presented  with 
complaints  of  left  orbital  pain  and  persistent  tear- 
ing for  several  months.  Examination  revealed  a  pal- 
pable firmness  in  the  area  of  the  left  lacrimal  fossa. 
A- scan  demonstrated  multiple  high-reflective 
spikes  from  beyond  the  medial  orbital  wall  con- 
sistent with  bone  destruction  (Fig.  1).  A  CT  scan 
showed  a  mass  that  had  originated  in  the  left  maxil- 
lary/ethmoid sinus  with  obstruction  of  the  nasolac- 
rimal system  (Fig.  2).  Biopsy  was  consistent  with 
squamous  cell  carcinoma. 

Orbital  lesions  that  do  not  invade  the  bone  or 
periosteum  can  grow  quite  large  without  caus- 
ing any  significant  degree  of  orbital  pain.  Such 


Fig.  1  A- scan  of  invasion  of  nasal  orbit  (arrows) 


patients  may  complain  of  a  low  level  of  discom- 
fort or  a  vague  sense  of  pressure  inconsistent  with 
the  size  of  the  tumor.  The  consistency  of  the  orbital 
fat  and  connective  tissue  is  rather  elastic.  The  low 
resistance  anteriorly  allows  forward  proptosis  of 
the  globe  to  an  advanced  stage  before  symptoms 
become  apparent. 


Fig.  2  Computed  tomography  scan  of  carcinoma  (arrow) 
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Case  Study  62 

Cavernous  Hemangioma 


AL  is  a  50-year-old  man  who  noted  occasional 
mild  sensations  of  pressure  around  his  right  eye 
that  were  more  apparent  when  he  bent  over  to  pick 
up  something.  He  lived  alone  and  was  not  aware  of 
the  progressive  prominence  of  his  right  eye  until  a 
friend  who  had  not  seen  him  for  several  years  men- 
tioned it.  Examination  found  8  mm  of  axial  propto- 
sis  with  normal  visual  acuity  and  full  extraocular 
movements. 

Echography  demonstrated  a  high-reflective,  mul- 
tiseptate,  well-outlined  tumor  within  the  muscle 
cone  with  a  moderately  positive  angle  kappa.  It 
measured  19.13  mm  in  greatest  diameter.  The 


A-scan  probe  was  reapplied  with  moderate  pressure 
to  the  globe  for  30  s,  after  which  the  tumor  was 
remeasured  and  the  lesion  showed  delayed  com- 
pressibility by  reducing  in  size  to  17.53  mm 
(Fig.  1).  Echographic  characteristics  were  quite 
characteristic  of  a  cavernous  hemangioma,  and  the 
growth  was  easily  removed  in  toto  by  an  orbital  sur- 
geon with  the  subsequent  pathological  verification 
of  the  diagnosis. 

The  resistance  of  the  orbital  tissue  is  low  to  for- 
ward expansion  of  tumors  especially  with  explosive 
growth.  The  degree  of  discomfort  is  generally  rela- 
tively mild  even  in  cases  of  marked  proptosis. 


Fig.  1  Left:  A-scan  of  large  cavernous  hemangioma  {vertical  arrows).  Right:  A-scan  of  lesion  after  compression 
(arrows) 
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Case  Study  63 

Orbital  Rhabdomyosarcoma 


AM  is  a  10-year-old  boy  who  was  playing  with  a 
Wiffle  ball  when  it  struck  his  left  eye.  There  was  no 
apparent  injury  and  he  continued  playing  after  a  few 
minutes.  The  next  day  his  parents  noted  some  mild 
redness  and  swelling  of  his  lids  on  that  side,  but  he 
had  no  complaints  and  went  off  to  school.  By  that 
evening  the  swelling  had  increased  dramatically  but 
he  mentioned  only  a  mild  pressure  feeling.  The  par- 
ents were  concerned  and  took  him  to  the  emergency 
room.  An  ophthalmologist  was  called  in  for  a  con- 
sultation and  felt  the  child  had  suffered  an  orbital 
hemorrhage  from  the  ball.  A  CT  scan  showed  diffuse 
orbital  opacity  with  increased  tissue  volume  com- 
patible with  the  diagnosis  of  hemorrhage  (Fig.  1). 

Echography  demonstrated  a  large,  firm,  very 
low-reflective  lesion  within  the  orbit  measuring 


over  19.0  mm  in  greatest  dimension  (Fig.  2).  It  was 
moderately  firm  to  compression.  Spontaneous  vas- 
cularity was  noted.  The  differential  included  orbital 
hemorrhage,  but  a  solid  mass  such  as  rhabdomyo- 
sarcoma could  not  be  ruled  out.  He  was  urgently 
referred  for  orbital  biopsy  and  frozen  sections 
revealed  that  it  was  a  rhabdomyosarcoma.  The  orbit 
was  extenerated,  which  was  a  standard  therapy  at 
that  time.  Current  treatment  protocols  generally 
avoid  such  radical  therapy  and  are  based  on  orbital 
radiation  and  chemotherapy. 

Echography  is  a  valuable  ancillary  test  in  the 
evaluation  of  ocular  and  orbital  pain.  Its  judicious 
use  can  often  result  in  the  correct  diagnosis  or  aid  in 
the  selection  of  the  most  effective  subsequent  test- 
ing modality. 


Fig.  1  CT  scan  of  rhabdomyosarcoma  (vertical  arrow)       FlG-  2  B-scan  of  rhabdomyosarcoma  (arrow) 
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Part  IV 

Blurred  Vision 


Blurred  vision  is  the  sine  qua  non  of  visual  system 
symptoms.  Concern  about  loss  or  reduction  of  the 
ability  to  see  is  a  fundamental  concern  to  any  nor- 
mal individual.  Rarely,  a  psychotic  patient  may 
mutilate  his  own  eye  and  suffer  permanent  dam- 
age. This  can  occur  because  of  distorted  feelings 


of  guilt  that  drive  the  sufferer  to  harm  himself  as 
punishment  for  the  perceived  sin  of  misuse  of  his 
eyes.  In  the  Greek  tragedy  Oedipus,  the  king  puts 
out  his  own  eyes  when  he  realizes  that  he  has  inad- 
vertently killed  his  father  and  taken  his  own 
mother  as  wife. 


165 


Case  Study  64 

Phthisis  Bulbi 


TH  is  a  45 -year-old  Hispanic  woman  who  was 
referred  for  echography  to  evaluate  her  eyes  regard- 
ing any  potential  for  vision.  At  the  age  of  25,  she 
had  suffered  a  psychotic  episode  and  stuck  a  fork 
into  each  of  her  eyes.  She  had  been  unable  to  see 
light  since  that  time  and  was  mentally  stable  on 
medication.  Examination  found  questionable  bare 
light  perception  in  the  right  eye  and  no  light  percep- 
tion (NLP)  in  the  left.  Dense  corneal  opacities  pre- 
cluded visualization  of  the  fundi. 

Echography  revealed  bilateral  phthisis  bulbi  with 
total  retinal  detachments,  plaque-like  choroidal  cal- 
cification (Fig.  1),  and  short  globes  with  axial 
lengths  of  20.34  in  the  right  eye  and  21.1  in  the  left. 
The  referring  ophthalmologist  was  informed  that 
there  was  no  visual  potential  in  either  eye. 

Sometimes  the  diagnosis  of  phthisis  is  not  appar- 
ent, but  the  eye  may  be  on  the  path  to  phthisis  and 
surgical  intervention  may  precipitate  full  phthisis. 


Fig.  1  B-scan  of  phthisical  globe  with  calcified  choroid 

(arrow) 
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Case  Study  65 

Pre-phthisis 


AA  is  a  22-year-old  man  with  a  long  history  of 
pars  planitis  who  had  been  treated  over  the  years 
with  topical  steroids  and  subtenon's  injections  of 
Kenalog.  He  had  undergone  cataract  surgery  with 
the  implantation  of  an  intraocular  lens.  His  vision 
had  gradually  worsened  over  the  past  several 
months,  and  he  was  found  to  have  an  occluded 
pupil.  The  fundus  could  not  be  visualized,  so  an 
ultrasound  was  requested.  It  showed  diffuse  intra- 
vitreal  opacities  and  marked  thickening  of  the 
choroid  (Fig.  1).  The  axial  length  was  almost 
4  mm  shorter  in  this  eye  than  in  the  fellow  eye. 
The  surgeon  had  initially  planned  to  explant  the 
IOL  and  perform  a  vitrectomy  but  decided  against 
this  after  the  echography  report  was  consistent 
with  a  pre-phthisical  state.  He  felt  that  major  sur- 
gical intervention  would  further  push  the  eye  into 
phthisis  and  elected  to  perform  the  minimally 
invasive  procedure  of  the  injection  of  intravitreal 
Kenalog. 


When  the  patient  presents  with  the  complaint  of 
a  reduction  in  vision,  a  careful  history  is  essential. 
Just  as  with  eye  pain,  historical  information  must  be 
gathered  in  a  systematic  way.  The  benefits  of  care- 
ful attention  to  the  patient's  specific  complaint  are 
immediate.  The  subtle  nuances  that  emerge  when 
looking  directly  at  her  while  she  relates  the  problem 
in  her  own  words  may  lead  the  examiner  in  a  dif- 
ferent direction  than  was  initially  intended.  Really 
listening,  asking  pertinent  questions,  and  restating 
points  for  clarification  are  vital  history-taking  skills 
that  pay  important  dividends  in  the  final  balance 
sheet  of  effective,  caring  medical  practice. 

The  change  in  vision  is  analyzed  regarding  its 
character.  Is  it  total  or  partial?  Is  it  persistent  or 
transient?  The  patient  may  describe  it  as  a  film 
over  the  eye  or  a  cloud  or  a  veil.  It  may  be  a  dark 
spot  in  the  center  or  a  curtain  covering  a  quadrant 
of  the  field  of  vision.  Some  patients  may  find  it 
difficult  to  articulate  the  nature  of  the  problem. 


Fig.  1  Left  A- scan  of  thickened  choroid  {arrows).  Right:  B-scan  of  choroid  {arrow) 
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Case  Study  65.  Pre-phthisis 


One  elderly  lady  said,  "My  vision  just  doesn't 
seem  right.  I  can't  look  at  something  very  long 
before  it  goes  funny."  She  had  not  used  the  word 
double  to  describe  the  problem,  but  on  direct 
questioning  she  realized  that  she  was  seeing  two 
objects.  When  either  eye  was  covered,  her  symp- 
toms went  away. 

The  location  of  the  visual  deficit  is  important  to 
elicit.  The  central  scotoma  of  optic  neuritis  is  dif- 
ferent than  the  visual  dysfunction  of  a  homonymous 
hemianopsia.  Some  patients  are  not  very  good  at 
explaining  their  symptoms,  and  this  requires  the 
examiner  to  ask  simple  and  direct  questions  to 
refine  exactly  where  in  the  field  of  vision  the  dif- 
ficulty lies.  It  is  helpful  to  ask  the  patient  to  look  at 
the  examiner's  nose  at  a  distance  of  1-2  ft  and  first 
describe  what  is  seen  with  the  normal  eye  in  a  case 
of  unilateral  visual  loss.  This  eye  is  then  covered 
and  the  affected  eye  is  directed  at  the  practitioner's 
nose.  "Now,  tell  me  what  you  see  as  you  focus  on 
my  nose  but  notice  the  face  around  it."  This  is  a 
valuable  technique  that  can  pick  up  a  central  or 
paracentral  scotoma,  an  altitudinal  defect,  or  a  gen- 
eral depression  in  visual  perception. 

The  onset  and  duration  of  the  decrease  in  vision 
is  then  noted.  The  sudden  catastrophic  visual  loss 
of  a  central  retinal  artery  occlusion  occurs  over  a 
few  minutes  to  an  hour.  The  slow  progressive  loss 
of  an  optic  nerve  sheath  meningioma  can  happen 
over  years  without  the  patient  being  aware  of  it  until 
it  has  resulted  in  substantial  depression  of  vision. 
Amaurosis  fugax  is  Latin  for  temporary  blindness 
and  describes  episodes  of  grayouts  or  blackouts 
of  vision  that  last  from  seconds  to  minutes.  These 


fleeting  snatches  of  blindness  often  have  a  vascular 
basis  due  to  transient  embolic  or  vasospastic  phe- 
nomena. In  some  cases  it  is  obvious  to  the  clini- 
cian that  the  process  resulting  in  visual  loss  has 
occurred  over  a  long  time  period,  but  the  patient 
has  only  recently  become  aware  of  it.  In  such  cases 
the  patient  briefly  closed  the  normal  eye  and  sud- 
denly became  aware  that  the  vision  was  blurred  in 
the  opposite  eye. 

The  degree  of  the  reduction  in  vision  is  impor- 
tant to  note.  The  evaluation  and  treatment  of  pro- 
found visual  loss  is  usually  urgent.  The  catastrophic 
loss  of  vision  of  a  central  retinal  artery  occlusion  is 
often  permanent  but  in  some  cases  reversible  if 
heroic  measures  are  taken  within  the  first  hour.  The 
vascular  occlusion  of  arteritic  optic  neuropathy 
must  be  emergently  treated  with  high-dose  steroids 
to  prevent  further  visual  reduction  and  to  protect 
the  opposite  eye.  The  descending  curtain  of  a 
detaching  retina  must  be  promptly  repaired  before 
the  macula  separates  and  markedly  worsens  the 
prognosis  for  visual  recovery. 

The  clinician  must  also  pay  attention  to  more 
subtle  degrees  of  reduction  of  vision.  The  patient 
whose  vision  is  recorded  by  the  technician  as 
20/20-2  could  easily  be  passed  off  as  normal. 
However,  when  that  patient  is  observed  while  read- 
ing the  eye  chart,  it  is  apparent  that  it  is  not  a  sharp, 
crisp  20/20  but  a  slow  and  hesitating  one.  This 
requires  the  practitioner  to  deviate  from  his  busy 
schedule  and  devote  adequate  time  to  more  care- 
fully evaluate  the  problem.  Amsler  grid  testing, 
pupil  evaluation,  and  possible  formal  visual  field 
testing  may  be  required. 


Case  Study  66 

Optic  Nerve  Glioma 


TM  is  an  8-year-old  boy  who  had  undergone  stra- 
bismus surgery  for  esotropia  and  was  also  treated 
with  glasses  and  patching  for  amblyopia.  He  had 
responded  over  6  months  to  treatment  with  improve- 
ment to  the  20/30  level  of  vision  in  the  amblyopic 
right  eye.  However,  on  the  next  3 -month  appoint- 
ment he  had  dropped  the  visual  acuity  in  that  eye  to 
20/40-2.  His  ophthalmologist  felt  this  was  unusual 
with  his  parents'  careful  adherence  to  the  glasses 
and  patching  regimen.  A  careful  examination  of  the 
optic  nerve  was  performed,  and  early  disc  pallor 
was  noted  that  had  not  been  previously  observed. 

Echography  was  performed  and  revealed  right 
optic  nerve  thickening  to  7.45  mm  with  a  negative 
30°  test,  meaning  that  the  nerve  thickness  stayed 
the  same  on  abduction  of  the  eye.  This  suggested 
a  solid  enlargement  of  the  nerve  versus  one  due 
to  increased  intrasheath  fluid  (Fig.  1).  Magnetic 
resonance  imaging  (MRI)  scanning  was  then  per- 
formed and  demonstrated  fusiform  enlargement 
of  the  nerve  with  extension  into  the  optic  chiasm 


Fig.  1  A-scan  of  optic  nerve  glioma  (vertical  arrows) 
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(Fig.  2).  Neurosurgical  exploration  later  confirmed 
an  optic  nerve  glioma.  The  child  has  been  closely 
followed  with  repeat  scans,  and  thus  far,  the  tumor 
has  not  grown. 

A  low  threshold  of  suspicion  is  very  important 
for  the  patient  in  whom  "things  just  don't  fit 
together."  The  examiner  is  obligated  to  explain  why 
a  given  patient  cannot  be  refracted  to  20/20.  This  is 
more  difficult  in  someone  with  existing  pathology, 
such  as  a  cataract  or  macular  degeneration.  This 
can  create  a  trap  because  the  reduced  visual  acuity 
can  be  ascribed  to  the  identifiable  problem  and  the 
examination  stops  at  this  point  and  a  more  serious 
underlying  disease  process  is  missed. 

Any  associated  symptoms  can  provide  helpful 
clues  to  the  diagnosis  of  the  etiology  of  the  change 


Fig.  2  Magnetic  resonance  imaging  of  glioma  with  the 
involvement  of  chiasm  (arrow) 
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Case  Study  66.  Optic  Nerve  Glioma 


in  vision.  A  rapid  and  variable  change  in  refraction 
in  association  with  increased  thirst  and  urination  is 
suggestive  of  diabetes.  A  3 5 -year-old  woman  who 
presents  with  reduced  vision  in  one  eye  associated 
with  pain  on  movement  of  the  eye  and  paresthesias 
in  her  hand  over  the  past  year  is  likely  to  have  a 
demyelinating  disease,  such  as  multiple  sclerosis.  It 
is  important  to  ask  the  patient  specific  questions 
about  such  systemic  problems  as  she  may  not  see 
the  correlation  to  the  visual  system  and  fail  to  vol- 
unteer the  information. 

Once  a  thorough  history  has  been  taken,  the 
examination  should  start  with  a  careful  refraction  to 


document  the  best-corrected  vision.  This  is  the 
starting  point  in  the  evaluation  of  decreased  vision. 
Patients  often  are  not  aware  that  there  has  been  a 
change  in  the  refraction,  especially  if  it  mostly 
involves  one  eye.  They  may  close  one  eye  for  some 
reason  and  notice  that  the  vision  is  blurred  in  the 
opposite  eye.  They  then  present  at  the  clinician's 
office  with  the  complaint  of  a  "sudden  drop  in 
vision."  It  is  essential  that  an  accurate  refraction  be 
performed  to  initiate  the  evaluation  of  the  visual 
system.  Echography  is  sometimes  useful  in  cases  of 
dramatic  refractive  shift. 


Case  Study  67 

Intumescent  Lens 


TA  is  a  54-year-old  woman  who  presented  with  the 
history  of  a  rapid  reduction  of  vision  in  her  left  eye 
over  the  past  several  days.  She  had  only  worn 
glasses  for  reading  up  to  this  time  and  had  no  other 
ocular  or  systemic  problems  in  the  past.  Examination 
found  vision  OD  of  20/25  and  OS  of  20/100. 
However,  vision  OS  was  20/30  to  a  near  card  with- 
out correction.  Slit-lamp  examination  revealed 
mild  nuclear  sclerosis  in  the  right  lens  and  2+ 
nuclear  sclerosis  in  the  left.  The  left  anterior  cham- 
ber appeared  shallower  than  the  right.  Intraocular 
pressure  was  12  mm  OD  and  19  mm  OS. 

A- scan  echography  revealed  lens  thickness  OD 
of  3.41  mm  and  OS  of  5.37  mm  (Fig.  1).  This  was 
consistent  with  an  intumescent  lens.  Immersion 
B-scan  using  a  10-  and  20-MHz  probe  showed  the 
swollen  lens  (Fig.  2).  She  was  referred  for  cataract 
surgery  because  of  the  shallow  anterior  chamber 
and  increased  pressure. 

Ultrasound  biometry  is  therefore  useful  in  the 
characterization  of  certain  pathological  conditions. 


Fig.  1  A- scan  of  intumescent  lens  (vertical  arrows) 


Fig.  2  Top:  10-MHz  B-scan  of  lens  (arrows).  Bottom: 
20-MHz  B-scan  of  intumescent  lens  (arrows) 
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Case  Study  68 

Accommodative  Spasm 


SF  is  a  15-year-old  girl  with  intractable  seizures 
who  had  been  treated  with  various  antiseizure  med- 
ications, including  a  new  experimental  drug.  She 
had  not  worn  lens  correction  in  the  past  but  pre- 
sented with  complaints  of  a  recent  dramatic 
decrease  in  vision  in  both  eyes.  Examination  found 
uncorrected  vision  OU  of  20/400  and  a  refraction 
of  -8.00  diopters  OD  and  -7.50  diopters  OS. 
Keratometry  measured  44.00  by  43.50  in  her  right 
eye  and  44.50  by  44.00  in  her  left.  A  -scan  biome- 
try was  performed,  and  the  axial  length  of  the  right 
eye  measured  23.49  mm  and  the  left  measured 
23.25  mm  (Fig.  1). 

These  measurements  were  not  consistent  with  her 
highly  myopic  refraction.  She  underwent  atropine 
cycloplegic  retinoscopy  with  measurements  of -0.75 
diopters  OD  and  -0.50  OS.  These  findings  were  felt 
to  be  diagnostic  of  accommodative  spasm.  She  was 
treated  with  cycloplegics  and  reading  glasses  for 
near  work.  This  resolved  her  symptoms,  but  over  the 


course  of  a  year  she  developed  -1.50  diopters  of 
myopia  as  confirmed  by  cycloplegic  retinoscopy  and 
was  given  appropriate  contact  lens  correction. 

If  a  refraction  does  not  result  in  a  satisfactory 
level  of  vision  for  the  patient's  age  and  general  ocu- 
lar status,  then  the  pinhole  test  should  be  performed. 
This  test  is  very  useful  to  separate  anterior  segment 
problems,  such  as  corneal  irregularities  or  moder- 
ate cataract,  from  posterior  segment  abnormalities, 
such  as  macular  degeneration  or  optic  nerve  dis- 
ease. This  is  best  done  after  the  refraction  with  the 
prescription  in  a  trial  frame,  one  eye  occluded  and 
a  pinhole  occluder  in  front  of  the  eye  being  tested. 
The  room  lights  are  dimmed,  and  the  eye  chart  is 
set  to  a  level  at  which  the  patient  can  realistically  be 
expected  to  see  it.  He  is  then  told  to  "move  your  eye 
or  your  head  a  little  until  you  find  the  best  hole 
through  which  to  read  some  letters."  He  is  encour- 
aged to  read  down  the  chart  as  far  as  possible  and 
given  ample  time  to  do  this. 


Fig.  1  Left:  Axial  length  of  right  eye  (arrows).  Right:  Left  eye  (arrows)  (first  arrow,  cornea;  second  arrow,  lens;  third 
arrow,  retina) 
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Case  Study  68.  Accommodative  Spasm 


The  pupils  are  then  examined  with  attention  first 
drawn  to  the  direct  response  as  the  patient  looks  at 
a  distant  target  in  dim  light.  A  penlight  is  held  about 
a  meter  away  and  a  little  below  eye  level  and  shined 
directly  first  at  one  eye,  and  the  briskness  and 
degree  of  the  constriction  to  light  noted.  It  is  then 
moved  to  the  other  side  and  the  process  repeated. 
Then  the  swinging  flashlight  or  afferent  pupil  test  is 
performed  in  which  the  light  is  shined  directly  into 
one  eye  with  resultant  constriction  of  the  pupil.  The 
light  is  then  quickly  moved  across  to  the  other  eye 
and  the  response  of  the  pupil  is  noted.  Normally  it 
will  just  start  to  dilate  as  the  light  is  rapidly  moved 
across  from  the  other  side  and  a  slight  constriction 
to  direct  light  is  noted.  However,  if  there  is  an 
abnormality  affecting  the  optic  nerve  then  there  is 
an  absence  of  constriction  and  an  apparent  dilation 
of  the  pupil  to  the  light  as  it  is  moved  across.  This 
seemingly  paradoxical  response  is  due  to  the  con- 
sensual light  reflex  where  the  normal  eye  receives 
the  light  stimulus  and  through  nerve  pathways  via 
the  nucleus  of  Edinger-Westphal  constricts  the 
other  eye's  pupil.  When  the  light  is  quickly  moved 
across  to  the  abnormal  side,  the  direct  light  response 


is  not  sufficient  to  hold  the  pupil  at  the  same  degree 
of  constriction  as  the  consensual  reflex,  and  there- 
fore, it  seems  to  relatively  dilate.  This  is  not  a  true 
dilation  to  direct  light  but  a  relatively  lesser  degree 
of  constriction. 

The  role  of  echography  in  the  evaluation  of 
visual  loss  is  a  very  important  one  from  the  level 
of  daily  office  practice  to  specialty  referral  at  the 
tertiary  care  center.  It  complements  the  clinical 
examination  and  provides  imaging  of  the  visual 
system  from  the  anterior  segment  to  the  apex  of  the 
orbit.  It  is  superior  to  computed  tomography  (CT) 
or  MRI  in  the  resolution  of  intraocular  pathology, 
although  immersion  techniques  may  be  required  to 
adequately  visualize  the  anterior  segment. 

Ultrasound  is  of  critical  importance  in  the  evalua- 
tion of  the  eye  with  opaque  media  of  any  cause. 
Sequentially,  the  anterior  most  example  of  media 
"opacity"  starts  at  the  eyelids.  A  relatively  common 
problem  is  the  squinty  patient.  Many  children  and 
some  adults  are  very  photophobic  and  resist  attempts 
to  examine  the  eye.  This  can  present  significant 
problems  when  pathology  is  likely  and  rarely  abnor- 
malities can  be  missed  in  a  supposedly  normal  eye. 


Case  Study  69 

Posterior  Vitreous  Detachment 
with  Retinal  Tear 


AG  is  a  32-year-old  man  who  was  very  sensitive  to 
anything  around  his  eyes.  He  had  once  tried  to  wear 
contact  lenses  but  gave  up  when  he  took  over  an  hour 
to  insert  them.  He  never  had  successfully  completed 
a  glaucoma  test  because  he  would  not  keep  his  eyes 
open  for  tonometry  or  air-puff  testing.  He  noted  the 
onset  of  light  flashes  and  floaters  in  his  right  eye  for 
several  days  and  presented  at  the  ophthalmologist's 
office  at  his  wife's  insistence.  His  visual  acuity  was 
20/30-2  OD  and  20/20  OS  with  a  myopic  correction 
of  -6.00  in  each  eye.  His  intraocular  pressure  could 
not  be  measured,  and  the  peripheral  fundi  could  not 
be  examined  with  scleral  depression  or  three-mirror 
contact  lens  examination  because  of  the  blepharo- 
spasm that  these  procedures  precipitated. 

Echography  was  performed  through  his  closed 
lids  and  revealed  the  presence  of  a  total  posterior 
vitreous  detachment  (PVD)  in  the  right  eye  with 
focal  vitreoretinal  traction  with  the  appearance  of 
an  operculum  overlying  a  retinal  tear  anterior  to  the 
2:00  equator  (Fig.  1).  He  was  referred  for  photoco- 
agulation around  the  tear  with  the  plan  to  give  him 
an  oral  sedative  and  an  injection  of  lidocaine  for  a 
lid  block. 


Fig.  1  B-scan  of  posterior  vitreous  detachment  with  trac- 
tion retinal  tear  and  operculum  (arrow) 


Echography  can  be  especially  useful  in  the  eval- 
uation of  ocular  trauma  where  the  eyelids  are  some- 
times edematous  precluding  adequate  visualization 
of  the  globe.  The  ultrasound  probe  can  be  gently 
placed  against  the  closed  lids  even  in  a  case  of  sus- 
pected globe  rupture. 
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Case  Study  70 

Ruptured  Globe 


MA  is  a  26-year-old  man  who  ran  into  a  tree  while 
ski  racing  and  suffered  multiple  facial  bone  frac- 
tures. The  eyelids  on  the  right  were  very  edematous 
and  ecchymotic.  An  attempt  to  examine  the  globe 
in  the  intensive  care  unit  was  done,  but  the  view  of 
the  posterior  segment  was  not  adequate. 

Echography  was  performed  and  revealed  a  rup- 
tured globe  on  the  right  with  vitreous  incarceration 
at  the  site  of  rupture  with  an  apparent  choroidal 
hemorrhage  (Fig.  1).  It  was  planned  to  explore  the 
globe  for  a  rupture  site  when  his  medical  condition 
stabilized. 

The  presence  of  a  choroidal  hemorrhage  in  the 
presence  of  trauma  is  evidence  for  a  rupture  of  the 
globe  unless  proven  otherwise. 


Fig.  1  Ruptured  globe  with  vitreous  membranes  "point- 
ing" to  the  site  of  rupture  (first  arrow)  with  an  associated 
choroidal  hemorrhage  (second  arrow) 
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Case  Study  7 1 

Choroidal  Hemorrhage 


A  A  is  a  25 -year-old  who  was  hit  in  the  eye  with  a 
paintball  while  playing  without  his  protective  gog- 
gles. He  experienced  immediate  loss  of  vision  and 
was  seen  by  the  ophthalmologist  on  call  at  the  local 
emergency  room.  He  had  a  total  hyphema  and  was 
unable  to  perceive  light.  He  was  taken  to  the  operat- 
ing room  that  night  and  a  5 -mm  open  wound  of  the 
globe  anterior  to  and  under  the  medial  rectus  ten- 
don was  repaired.  Ultrasound  was  performed  the 
next  day  and  a  massive  choroidal  hemorrhage  was 
identified  (Fig.  1).  He  was  followed  every  2  days  by 
echography  until  the  echodense  choroidal  blood 
began  to  become  more  echolucent  after  a  week 
consistent  with  lysis  of  the  clot.  Drainage  of  the 
choroidal  hemorrhage  was  discussed,  but  the 
patient  was  informed  of  his  poor  prognosis,  so  he 
elected  not  to  have  surgery. 

Echography  can  also  be  helpful  in  recently  oper- 
ated eyes  to  evaluate  the  status  of  the  globe  after 
surgical  complications.  The  probe  should  be  thor- 
oughly cleaned  with  alcohol,  and  care  should  be 
taken  to  not  put  any  pressure  on  the  eye. 


Fig.  1  B-scan  of  choroidal  hemorrhage  with  partial  lysis 
of  clot  (arrows) 
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Case  Study  72 

Giant  Retinal  Tear 


AA  is  a  68-year-old  man  who  underwent  cataract 
surgery  which  was  complicated  by  capsular  rupture 
with  loss  of  a  large  piece  of  the  nucleus  into  the 
vitreous.  The  surgeon  attempted  several  maneuvers 
to  retrieve  the  piece  including  using  a  forceps 
inserted  into  the  vitreous  in  an  attempt  to  grasp  the 
nucleus  without  success.  An  anterior  vitrectomy 
was  performed  and  an  anterior  chamber  lens  was 
inserted.  On  the  post-op  exam  the  next  day,  there 
was  a  cloudy  cornea  with  no  view  of  the  posterior 
segment.  The  patient  could  see  only  light  and  he 


was  referred  for  echography.  A  high-reflective 
membrane  was  detected,  but  it  was  difficult  to 
determine  where  it  inserted  in  the  fundus  (Fig.  1). 
This  was  highly  suggestive  of  a  giant  retinal  tear, 
and  the  patient  was  referred  to  a  retinal  surgeon  for 
surgical  repair  with  the  instillation  of  silicone  oil. 

A  careful  history  is  always  important  if  there  is 
any  question  of  penetration  of  the  globe  by  a  for- 
eign body.  Individuals  who  work  around  power 
tools  or  hammer  metal  without  safety  glasses  are 
especially  at  risk  for  this  type  of  ocular  injury. 


Fig.  1  Left:  Peripheral  view  of  retinal  surface  without  attachment  to  the  fundus.  Right:  Detached  retina  draped  over 
the  posterior  pole 
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Case  Study  73 

Intrascleral  Foreign  Body 


A  A  is  a  27 -year-old  man  who  was  hammering 
metal  without  safety  glasses  and  felt  a  sharp  pain  in 
his  right  eye.  His  vision  was  somewhat  blurred,  but 
he  decided  to  see  if  it  would  improve  by  the  next 
day.  However,  he  awoke  in  the  morning  with  wors- 
ening of  his  vision,  so  he  decided  to  seek  medical 
attention  and  went  to  an  emergency  room.  An  intra- 
ocular foreign  body  was  suspected  based  on  the 
history  and  a  CT  of  the  globe  was  ordered.  It  was 
unclear  whether  the  particle  was  intraocular  or 
external  to  the  globe  so  an  ultrasound  was  ordered. 
The  scan  showed  that  the  piece  of  metal  was  in  the 
outer  sclera  (Fig.  1),  so  it  was  elected  to  treat  the 
patient  conservatively  with  topical  antibiotics  and 
steroids  along  with  systemic  antibiotics.  The  eye 
became  more  quiet  and  the  vision  returned  to  nor- 
mal over  3  weeks.  The  metal  was  determined  to  be 
stainless  steel  and  the  risk  of  intraocular  toxicity 
was  felt  to  be  minimal,  so  the  plan  was  to  follow  the 
patient  with  periodic  electroretinograms  (ergs). 

Occasionally  other  types  of  foreign  material  can 
become  trapped  within  intraocular  tissue. 


Fig.  1  B-scan  of  intrascleral  foreign  body  (arrow) 
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Case  Study  74 

Intrachoroidal  Silicone  Oil 


A  A  is  a  25 -year-old  was  hit  in  the  right  eye  with 
a  fist  and  suffered  a  ruptured  globe.  He  was  taken 
to  the  operating  room  where  the  laceration  was 
repaired.  He  was  followed  up  in  the  retina  clinic 
where  a  retinal  detachment  was  diagnosed  both  by 
indirect  ophthalmoscopy  and  by  ultrasound.  This 
was  repaired  with  a  vitrectomy  and  the  injection  of 
intraocular  silicone  oil.  The  oil  was  later  removed 
and  a  crystalline  lens  could  not  be  identified.  It 
was  postulated  that  the  lens  had  become  dislocated 
from  the  trauma  and  an  ultrasound  was  requested. 


It  showed  a  semiround  echolucent  structure  within 
the  choroid  (Fig.  1).  It  was  assumed  that  this  was 
the  lens,  but  on  surgical  exploration  a  pocket  of  sili- 
cone was  discovered  and  no  lens  could  be  identified. 

The  eyelids  can  be  weighed  down  from  the  edema 
of  mechanical  processes.  Swelling  resulting  from 
trauma,  inflammation,  or  hemorrhage  can  cause  a 
tense  closure  of  the  lid  that  makes  examination  of 
the  intraocular  structures  difficult.  Echography  is 
important  in  the  evaluation  of  the  globe  and  orbit 
in  such  cases. 


Fig.  1  Left:  UBM  (50  MHz)  of  silicone  oil  trapped  in  choroidal  space.  Right:  View  of  silicone  oil  from  another  probe 
direction 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_74,  ©  Springer  Science+Business  Media  New  York  2014 


187 


Case  Study  75 

Subperiosteal  Hemorrhage 


TA  is  an  11 -year-old  boy  who  presented  with  an 
ecchymotic  and  ptotic  left  upper  lid.  He  had  awak- 
ened 2  days  previously  with  mild  aching  around  the 
eye  and  gradually  worsening  ptosis  since  that  time 
with  a  bluish  discoloration.  He  gave  a  history  of  a 
"helmet  bump"  to  the  side  of  his  head  while  playing 
football  2  days  prior  to  this  occurrence  but  denied 
any  direct  injury  to  his  eye.  Examination  showed 
almost  complete  closure  of  the  lid  with  2+  tense 
ecchymosis  and  mild  tenderness.  A  partial  elevation 
of  the  eyelid  was  performed  and  the  globe  appeared 
grossly  normal,  but  the  view  was  inadequate. 

Echography  was  performed  and  demonstrated  a 
clear  vitreous  cavity  and  attached  retina.  The  orbit 
was  imaged  by  B-scan  and  an  echolucent,  well- 
outlined  subperiosteal  space  was  seen  in  the  supe- 
rior orbit  from  10:30  to  12:30  nasally  to  temporally 
and  back  into  the  mid-orbit  posteriorly  (Fig.  1). 
A- scan  revealed  very  low  reflectivity  (Fig.  2). 
The  differential  diagnosis  included  a  subperiosteal 


Fig.  1  B-scan  of  subperiosteal  hemorrhage  (vertical  arrows) 


hemorrhage  or  an  abscess.  The  lack  of  clinical  signs 
of  inflammation  or  infection  favored  the  diagnosis 
of  hemorrhage,  and  the  patient  was  told  to  return  in 
a  few  days.  He  came  back  with  improvement  in  the 
ptosis  and  a  normal  appearance  to  the  globe. 

Congenital  eyelid  closure  includes  blepharophimo- 
sis  that  can  result  in  fusion  of  the  eyelids  accompany- 
ing severe  microphthalmos  or  ultimately  anophthalmos. 
The  status  of  the  globe  or  lack  thereof  is  an  important 
question  in  infants  born  with  this  anomaly. 

True  anophthalmia  in  which  there  is  no  ocular 
tissue  is  extremely  rare.  It  is  at  the  extreme  end  of 
the  spectrum  of  microphthalmia,  which  is  defined 
as  an  axial  length  of  less  than  19.0  mm  in  a  child 
less  than  1  year  of  age.  It  may  be  an  isolated  occur- 
rence or  related  to  one  of  several  systemic  syn- 
dromes. If  the  insult  to  the  embryo  occurs  before 
the  complete  invagination  of  the  optic  vesicle,  a 
cyst  can  form  presenting  in  the  newborn  as  microph- 
thalmos with  cyst. 


Fig.  2  A-scan  of  subperiosteal  hemorrhage  (vertical 
arrows) 
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Case  Study  76 

Microphthalmos  with  Cyst 


A  newborn  baby  was  noted  to  have  a  small  eye  on 
the  right  side  with  partially  fused  eyelids.  There 
was  an  impression  of  the  presence  of  a  globe  but 
clinical  examination  was  difficult. 

Echography  revealed  a  small  vestigial  ocular 
structure  with  the  presence  of  a  rudimentary  lens 
and  a  large  cystic  component  posteriorly  (Fig.  1). 
The  diagnosis  of  microphthalmos  with  cyst  was 
made.  There  was  no  visual  potential  in  the  eye  but 
the  child  was  referred  to  oculoplastics  for  appropri- 
ate cosmesis  of  the  lids  and  socket.  The  cyst  became 
large  enough  to  require  intermittent  drainage. 

The  cornea  is  the  window  into  the  eye,  and  any- 
thing that  clouds  this  structure  can  interfere  with 
the  patient's  view  outwards  and  the  examiner's 
view  inwards.  Corneal  opacification  can  be  due  to  a 
number  of  causes,  including  edema.  Such  swelling 
commonly  occurs  from  failure  of  the  endothelial 
pump  system  but  can  also  result  from  fluid  that  has 
been  forced  into  the  epithelium  and  anterior  corneal 
stroma  secondary  to  increased  intraocular  pressure. 


Fig.  1  B-scan  of  microphthalmos  (small  arrow)  with 
cyst  (large  arrow) 


Immersion  echography  is  helpful  in  imaging  the 
anatomy  of  the  anterior  segment  in  such  cases. 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_76,  ©  Springer  Science+Business  Media  New  York  2014 


191 


Case  Study  77 

Topamax-Induced  Angle  Closure 


LA  is  a  50-year-old  man  who  presented  with 
complaints  of  a  rapid  reduction  in  vision  and  mod- 
erate aching  pain  over  the  past  24  h.  He  denied  any 
previous  history  of  a  similar  event.  His  past  medi- 
cal history  was  positive  for  a  seizure  disorder  and  a 
recent  increase  in  vascular  headaches.  He  had  taken 
two  doses  of  Topamax  starting  2  days  previously. 
Clinical  examination  found  visual  acuity  in  both 
eyes  of  less  than  20/400,  but  this  was  improved  to 
20/70  OD  with  a  -2.50  sphere  and  20/80  OS  with  a 
-3.50  sphere.  He  had  no  history  of  wearing  glasses 
or  contact  lenses.  There  was  2+  corneal  edema  bilat- 
erally and  intraocular  pressures  of  45  OD  and  47 
OS.  The  indirect  ophthalmoscope  could  visualize 
the  optic  nerves  with  a  cup  to  disc  ratio  of  2/10  OU. 

Immersion  scanning  was  performed  with  a 
20  MHz  probe  and  then  an  ultrasound  biomicroscope 
(UBM;  50  MHz).  The  angle  was  very  narrow  and 
the  ciliary  processes  were  rotated  anteriorly 
(Fig.  1).  He  was  treated  conservatively  with  topical 
pressure  lowering  agents  and  the  Topamax  was  dis- 
continued. The  pressure  returned  to  normal  within 


Fig.  1  Ultrasound  biomicroscopy  (35  MHz)  of  anterior 
rotation  of  ciliary  body  (arrows) 

3  days,  the  corneal  edema  resolved,  and  the  myopia 
disappeared. 

Uveitic  conditions  can  result  in  media  opaci- 
ties that  obscure  a  view  of  the  posterior  segment. 
Chronic  inflammation  may  lead  to  anterior  chamber 
reaction,  posterior  synechiae  with  a  miotic  or,  ulti- 
mately, an  occluded  pupil  and  cataract  formation. 
Such  sequelae  of  uveitis  can  result  in  a  hazy  view  of 
the  vitreous  cavity  and  fundus.  Such  patients  often 
come  to  cataract  surgery  and  a  preoperative  ultra- 
sound is  mandatory  to  evaluate  the  globe. 
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Case  Study  78 

Cy clitic  Membrane 


FA  is  a  45 -year-old  woman  who  presented  with 
complaints  of  poor  vision  in  her  right  eye  for 
several  months.  She  had  waited  for  her  medical 
insurance  to  become  effective  before  seeking  medi- 
cal attention.  She  initially  experienced  a  red,  pain- 
ful eye,  but  it  had  become  less  irritated  over  time. 
Examination  found  visual  acuity  in  the  right  eye  of 
20/80  and  in  the  left  eye  of  20/20.  Intraocular  pres- 
sure measured  2  mm  OD  and  15  mm  OS.  Slit-lamp 
examination  demonstrated  2+  mutton-fat  keratic 
precipitates,  270°  of  posterior  synechiae  with  a 
fixed  pupil,  and  a  3+  nuclear  sclerotic  cataract.  The 
posterior  segment  could  not  be  visualized. 

Echography  revealed  a  partial  posterior  vitreous 
detachment  with  mild  intravitreal  dotlike  opacities. 
On  extreme  peripheral  view  with  the  B-scan,  a 
high-reflective  membrane  was  detected  retrolen- 
tally.  An  immersion  scan  was  performed  and  dem- 
onstrated a  cyclitic  membrane  bridging  the  temporal 
to  the  nasal  ciliary  body  (Fig.  1).  A  shallow  traction 
detachment  of  the  ciliary  body  was  present  on 
immersion  UBM  (Figs.  2  and  3)  that  explained  the 
relative  hypotony  in  this  eye. 

The  crystalline  lens  is  remarkable  in  its  ability  to 
focus  light  on  the  retina  with  sufficient  plasticity  to 
change  shape  as  the  ciliary  muscles  contract.  Lens 
opacities  are  ubiquitous  as  people  age  and  gener- 
ally require  cataract  surgery  if  they  interfere  with 
vision.  Cataracts  that  obscure  a  view  of  the  intra- 
ocular contents  are  an  indication  for  echography. 
Less-dense  opacities  with  an  atypical  presentation, 
such  as  a  sector  cataract  in  a  younger  patient, 
should  also  be  investigated  by  ultrasound. 


Fig.  1  Immersion  scan  of  cyclitic  membrane  (arrow) 


Fig.  2  20-MHz  immersion  scan  of  ciliary  body  detach- 
ment (arrow) 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_78,  ©  Springer  Science+Business  Media  New  York  2014 


195 


196 


Case  Study  78.  Cyclitic  Membrane 


Fig.  3  50-MHz  immersion  scan  of  ciliary  body 
detachment  (arrow) 


Case  Study  79 

Ciliary  Body  Melanoma 


TB  is  a  43-year-old  man  with  complaints  of  a  film 
over  part  of  the  vision  in  his  right  eye  for  several 
months.  It  had  seemed  to  descend  from  the  lower 
part  of  his  visual  field  and  grow  upwards  into  the 
center  of  his  vision.  Examination  demonstrated 
best-corrected  vision  in  his  right  eye  of  20/60-2  and 
in  his  left  eye  of  20/20.  His  pupils  were  equal  in 
size  and  reactive  to  light  without  an  afferent  defect. 
Slit-lamp  examination  discovered  a  sectorial  corti- 
cal and  posterior  capsular  lens  opacity  in  the  supe- 
rior part  of  his  lens  that  was  encroaching  into  the 
visual  axis.  Dilated  fundus  examination  was  unre- 
markable with  a  normal  retinal  periphery.  Because 
of  his  relatively  young  age  and  the  unusual  nature 
of  the  lens  opacity,  he  was  referred  for  immersion 
ultrasound  examination. 

Echography  revealed  a  normal  posterior  seg- 
ment. Immersion  scanning  was  done  using  a 
scleral  shell  filled  with  methylcellulose  and  the 
anterior  segment  was  visualized.  A  solid  echodense 
mass  was  seen  in  the  ciliary  body  in  contact  with 
the  inferior  pole  of  the  lens  (Fig.  1).  The  diagnosis 


Fig.  1  Immersion  scan  of  melanoma  (small  arrow) 
touching  lens  (large  arrow) 


was  consistent  with  a  malignant  melanoma  of  the 
ciliary  body. 

Difficulty  in  inserting  an  IOL  at  the  time  of 
cataract  surgery  or  postoperative  malposition  of  the 
artificial  lens  may  occasionally  be  due  to  a  mass  in 
the  ciliary  body. 
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Case  Study  80 

Ciliary  Body  Melanoma  and  IOL 


EO  is  a  75 -year-old  woman  who  underwent  uncom- 
plicated cataract  removal  with  intraocular  lens 
implantation  on  her  left  eye  followed  a  month  later 
by  surgery  on  her  right  eye.  On  her  first  postoperative 
visit,  she  was  told  that  the  lens  in  the  right  eye  was  "a 
little  tilted"  but  this  did  not  represent  a  problem.  She 
felt  that  this  eye  never  saw  as  well  as  the  opposite 
eye,  and  she  saw  distorted  images  to  the  right  periph- 
ery of  her  vision.  One  year  later,  she  experienced 
flashes  and  floaters  in  the  right  eye  and  was  evaluated 
by  her  ophthalmologist.  He  noted  the  IOL  tilt  had 
increased  and  incidentally  diagnosed  a  posterior  vit- 
reous detachment.  She  dilated  poorly,  and  he  could 
not  see  the  temporal  peripheral  retina  well  and 
referred  her  to  a  retinal  specialist  who  thought  he 
could  just  make  out  a  dark  shadow  in  the  peripheral 
temporal  fundus.  She  was  referred  for  echography. 

B-scan  revealed  a  nearly  spherical  mass  in  the 
temporal  ciliary  body  in  contact  with  the  temporal 
haptec  of  the  IOL  (Fig.  1).  The  lesion  measured 


Fig.  1  UBM  (35  MHz)  of  ciliary  body  tumor  (first 
arrow)  abutting  intraocular  lens  implant  (second  arrow) 

almost  5  mm  in  thickness  by  8.3  mm  in  basal 
dimensions.  These  findings  were  highly  consistent 
with  a  malignant  melanoma  of  the  ciliary  body.  The 
tumor  was  too  large  for  radiation  treatment  and  the 
patient  underwent  an  enucleation.  Pathology  con- 
firmed a  spindle  B  melanoma. 

Adults  who  present  with  unexplained  refractive 
changes  such  as  increasing  astigmatism  which  are 
not  explained  by  corneal  topography  should  be 
evaluated  by  immersion  echography  for  abnormal 
lens  positions. 
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Part  IV 

Blurred  Vision 


Blurred  vision  is  the  sine  qua  non  of  visual  system 
symptoms.  Concern  about  loss  or  reduction  of  the 
ability  to  see  is  a  fundamental  concern  to  any  nor- 
mal individual.  Rarely,  a  psychotic  patient  may 
mutilate  his  own  eye  and  suffer  permanent  dam- 
age. This  can  occur  because  of  distorted  feelings 


of  guilt  that  drive  the  sufferer  to  harm  himself  as 
punishment  for  the  perceived  sin  of  misuse  of  his 
eyes.  In  the  Greek  tragedy  Oedipus,  the  king  puts 
out  his  own  eyes  when  he  realizes  that  he  has  inad- 
vertently killed  his  father  and  taken  his  own 
mother  as  wife. 
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Case  Study  8 1 

Malignant  Melanoma  of  the  Ciliary 
Body  with  Lens  Displacement 


TA  is  a  56-year-old  man  who  complained  of  a 
gradual  distortion  of  the  vision  in  his  right  eye  over 
the  past  several  months.  Examination  found  vision 
in  his  right  eye  of  20/20  and  in  the  left  eye  of  20/70 
with  his  current  glasses.  Refraction  documented  an 
increased  astigmatism  of  four  diopters  at  an  axis  of 
60°.  Slit-lamp  examination  initially  appeared  unre- 
markable, but  after  dilation  of  the  pupils,  a  sectorial 
cataract  at  2:00  was  noted.  Fundus  examination  was 
unremarkable  but  the  cataract  blocked  an  adequate 
view  of  the  peripheral  retina  and  ciliary  body. 

B-scan  was  performed  and  demonstrated  a  solid 
mass  lesion  in  the  ciliary  body  at  the  1:00-3:00 
position.  It  was  difficult  to  angle  the  A- scan  per- 
pendicular to  the  tumor,  but  the  impression  was  that 
of  a  medium  irregularly  reflective  lesion  with  mod- 
erate spontaneous  vascularity.  It  was  highly  consis- 
tent with  a  malignant  melanoma  of  the  ciliary  body. 
Immersion  B-scan  revealed  a  tumor  that  appeared 
to  mechanically  press  on  the  lens  that  was  felt  to 
explain  the  irregular  astigmatism  (Fig.  1). 

Inadequate  visualization  of  the  fundus  by  the  oph- 
thalmoscope should  prompt  an  echographic  evalu- 
ation of  the  cataractous  eye,  especially  in  a  patient 
who  has  not  been  followed  over  time  by  his  doctor 


as  the  cataract  progresses.  The  documentation  of  a 
thorough  fundus  examination  within  the  past  cou- 
ple of  years  substantially  reduces  the  chances  of  an 
unsuspected  intraocular  melanoma  hiding  behind  a 
media  opacity  such  as  a  cataract. 


Fig.  1  MHz  20  immersion  B-scan  of  ciliary  body 
melanoma  {top  arrow)  pushing  on  lens  {bottom  arrow) 
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Case  Study  82 

Choroidal  Melanoma 


TS  is  a  67 -year-old  woman  who  had  not  had  an  eye 
examination  for  several  years  and  complained  of 
progressively  decreasing  vision  in  her  left  eye  for 
over  a  year.  Clinical  examination  demonstrated  a 
moderately  dense  nuclear  sclerotic  and  cortical 
cataract  that  hindered  adequate  visualization  of  the 
entire  fundus.  Cataract  surgery  was  scheduled  and 
biometry  was  performed.  There  was  some  diffi- 
culty in  obtaining  a  consistent  axial  length,  and 
because  the  fundus  could  not  be  completely  exam- 
ined, she  was  referred  for  echography. 

Ultrasound  revealed  a  solid  mushrooming  mass 
near  the  temporal  equator  (Fig.  1).  A-scan  exami- 
nation demonstrated  low-to-medium,  regular  inter- 
nal reflectivity  with  moderate  spontaneous  internal 
vascularity  (Fig.  2).  These  findings  were  highly 
consistent  with  a  malignant  melanoma  of  the  cho- 
roid. Cataract  surgery  was  cancelled,  and  the  patient 
referred  to  an  ocular  oncologist  for  management  of 
the  tumor. 

There  are  a  number  of  reports  in  the  literature  of 
unsuspected  intraocular  tumors  that  were  not  dis- 
covered until  after  cataract  surgery.  A  study  by 
Shields  and  Augsburger  [28]  reviewed  21  cases  of 
cataracts  that  had  been  removed  in  the  presence  of 
unsuspected  choroidal  or  ciliary  body  melanomas. 
They  stated,  "Since  ultrasonography  has  become 
readily  accessible  to  most  ophthalmologists  in 
countries  with  advanced  medical  care,  it  should  be 
considered  as  a  part  of  the  preoperative  evaluation 
in  all  patients  who  have  a  cataract  which  is  advanced 
enough  to  prevent  a  clear  fundus  view.  It  should 
definitely  be  performed  in  patients  who  have  a 
dense  unexplained  unilateral  cataract."  Peter  et  al. 
reviewed  a  series  at  the  Armed  Forces  Institute  of 
Pathology  and  found  that  5.5  %  of  enucleated  eyes 


Fig.  1  B-scan  of  mushrooming  melanoma  (arrow) 


Fig.  2  A-scan  of  melanoma  (vertical  arrows) 


(35  of  650)  for  melanoma  were  aphakic  or  pseudo- 
phakic.  They  state,  "we  believe  that  most  of  these 
tumors  were  large  enough  at  the  time  of  cataract 
surgery  to  have  been  detected  if  diagnostic  ultraso- 
nography had  been  performed"  [29].  Shammas  and 
Blodi  [30]  state  that  "a  considerable  delay  in  diag- 
nosis and  treatment  of  more  than  10  %  of  eyes 
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Case  Study  82.  Choroidal  Melanoma 


containing  advanced  melanomas  may  result  from 
an  inability  to  visualize  the  tumor."  The  possibility 
of  such  a  potentially  life-threatening  lesion  merits 
echographic  imaging  of  an  eye  with  a  cataract  or 
other  media  opacity  that  precludes  adequate  visual- 
ization of  the  posterior  segment. 

A  subgroup  of  patients  with  media  opacities 
masking  an  unsuspected  intraocular  tumor  is  those 
with  long-standing  blind  or  nearly  blind  eyes  with 


some  degree  of  ocular  discomfort.  A  study  from 
the  Armed  Forces  Institute  of  Pathology  in  1963 
found  that  10  %  of  blind  painful  eyes  harbored 
malignant  melanomas  or  other  tumors.  Char  states 
that  this  percentage  of  malignancies  in  such  eyes 
still  holds  true  [31].  Many  of  these  eyes  had  expe- 
rienced previous  trauma  or  surgery.  It  is  the  stan- 
dard of  care  in  such  an  eye  to  perform  diagnostic 
echography. 


Case  Study  83 

Choroidal  Melanoma 
in  a  Blind  Painful  Eye 


DW  is  a  67 -year  old  man  with  a  30+  year  history  of 
herpetic  corneal  scarring  in  his  right  eye.  He  had 
gradually  lost  the  sight  in  that  eye,  and  it  had 
become  blind  and  painful  with  bullous  keratopathy. 
He  was  scheduled  for  evisceration,  but  the  surgeon 
ordered  an  ultrasound  to  eliminate  any  intraocular 
tumors. 

Echography  revealed  an  inferior  dome- shaped 
mass  measuring  3.63x6.04x8.76  mm  on  B-scan. 
A- scan  demonstrated  medium- to-low  internal 
reflectivity  (Fig.  1)  with  a  medium  angle  kappa 
(sloping  internal  signals  from  higher  to  lower 
as  the  sound  beam  passed  through  the  lesion). 
Spontaneous  vascularity  was  not  seen. 

The  surgeon  was  informed  that  the  lesion  was 
suspicious  for  melanoma  and  he  changed  the  surgi- 
cal plan  from  evisceration  to  enucleation  because 
of  the  concern  of  possible  dissemination  of  a 
malignant  tumor.  Pathology  confirmed  a  spindle  B 
melanoma. 

A  type  of  media  opacity  inherent  to  current 
cataract  surgical  techniques  is  opacification  or 
wrinkling  of  the  posterior  lens  capsule.  After  extra- 
capsular cataract  surgery,  the  posterior  capsule  may 
become  opacified  and  wrinkled  over  time.  This 
occurs  in  10-50  %  of  cases  and  is  usually  treated 
by  YAG  laser  capsulotomy.  One  of  the  potential 
complications  of  this  procedure  is  retinal  tear  and 
detachment.  This  is  a  relatively  rare  occurrence,  but 
young  myopic  males  are  reported  to  be  of  higher 
risk  than  other  groups  of  patients.  It  is  useful  to 
know  if  a  patient  being  considered  for  YAG  capsu- 
lotomy has  a  preexisting  PVD  that  would  put  him  at 
lower  risk  for  a  retinal  tear  because  of  the  absence 
of  vitreoretinal  traction. 


Fig.  1  Top:  B-scan  of  the  lesion  {arrow).  Bottom:  A- scan 
of  choroidal  melanoma  (arrows) 
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Case  Study  84 

Posterior  Vitreous  Detachment 


CG  is  a  52-year-old  man  who  had  undergone 
cataract  surgery  in  both  eyes  2  years  prior  to 
presentation.  Prior  to  intraocular  lens  implantation, 
he  was  highly  myopic  with  a  refraction  OD  of 
-10.00  and  OS  of  -9.50.  He  now  complained  of 
decreased  vision  in  his  right  eye  and  visual  acuity 
was  measured  at  20/70  in  that  eye  and  the  left  eye  at 
20/25.  Slit-lamp  examination  showed  moderate 
opacification  of  the  posterior  lens  capsule  in  the 
right  eye  and  slight  opacification  in  the  left  eye.  He 
was  advised  to  undergo  YAG  laser  capsulotomy  on 
his  right  eye,  but  he  seemed  concerned  about  poten- 
tial complications  and  asked  a  number  of  questions 
concerning  the  possibility  of  retinal  detachment. 
His  father  had  gone  blind  in  one  eye  from  a  retinal 
detachment  after  cataract  surgery. 

The  presence  of  a  posterior  vitreous  detach- 
ment could  not  be  verified  on  clinical  examina- 
tion because  of  the  opacified  posterior  capsule. 
Echography  was  performed  and  demonstrated  a 
total  PVD  (Fig.  1)  with  no  evidence  of  vitreoretinal 
traction.  He  felt  reassured  that  the  possibility  of  a 
rhegmatogenous  retinal  detachment  was  minimal 
and  proceeded  with  the  laser  procedure  with  resul- 
tant vision  of  20/20  in  that  eye. 

The  existence  of  a  PVD  is  also  protective  in 
patients  with  proliferative  diabetic  retinopathy.  The 
neovascular  scaffold  that  grows  from  the  retina 
onto  the  posterior  hyaloid  face  can  undergo  traction 
as  the  vitreous  separates  in  a  PVD  and  result  in 
vitreous  hemorrhage. 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


Fig.  1  Top:  B-scan  of  posterior  vitreous  detachment  with 
Weiss  ring  (arrow).  Bottom:  A-scan  of  PVD  (arrow) 


R.P.  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_84,  ©  Springer  Science+Business  Media  New  York  2014 


207 


Case  Study  85 

Vitreous  Traction 


EI  is  a  54-year-old  woman  with  a  20-year  history  of 
type  1  diabetes.  She  had  undergone  panretinal  pho- 
tocoagulation in  her  right  eye  for  proliferative  reti- 
nopathy and  scatter  photocoagulation  in  her  left  eye 
for  diabetic  macular  edema.  She  presented  with  a 
sudden  loss  of  vision  in  her  left  eye  which  started  as 
"seeing  dots  and  streamers  in  my  vision  followed  by 
almost  total  darkness."  Examination  showed  vision 
in  her  right  eye  of  20/30  and  left  eye  finger  count  at 
1  m.  The  fundus  of  the  left  eye  could  not  be  visual- 
ized by  the  ophthalmoscope  (direct  or  indirect). 

Echography  was  performed  and  revealed  a  par- 
tial PVD  with  apparent  focal  traction  on  a  neovas- 
cular  scaffold  on  the  optic  disc  (Fig.  1).  This  finding 
prompted  a  recommendation  by  her  ophthalmolo- 
gist to  proceed  with  vitrectomy  within  the  next  sev- 
eral days  instead  of  waiting  6  months  for  the 
hemorrhage  to  clear  spontaneously.  The  concern 
was  that  of  recurrent  hemorrhage  with  the  vitreous- 
neovascular  membrane  traction  that  would  reduce 
the  chance  of  restoration  of  vision  in  that  eye. 

Media  opacities,  such  as  vitreous  hemorrhage, 
can  hide  fundus  lesions  that  are  only  detectable 
by  echography.  The  sudden  onset  of  flashes  and 
floaters  is  often  suggestive  of  a  posterior  vitreous 


detachment,  and  this  is  associated  with  a  retinal 
tear  from  6  to  15  %  of  the  time  [32].  This  is  usu- 
ally detectable  on  indirect  ophthalmoscopy,  but 
the  presence  of  vitreous  hemorrhage  can  preclude 
adequate  visualization. 


Fig.  1  B-scan  of  posterior  vitreous  detachment  with 
traction  on  neo vascular  tuft  (arrow) 
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Case  Study  86 

Retinal  Tear 


DJ  is  a  34-year-old  man  who  noted  flashes  of  light 
in  the  right  eye  for  2  days  and  then  a  "lacy  cobweb 
with  lots  of  little  black  specks"  on  the  day  of  pre- 
sentation at  his  ophthalmologist's  office. 
Examination  revealed  visual  acuity  of  20/200  with 
some  variability  as  he  moved  his  eye  around. 
Ophthalmoscopy  found  a  2+  vitreous  hemorrhage 
that  obscured  visualization  of  the  peripheral  infe- 
rior temporal  fundus.  Some  vitreous  membrane  for- 
mation was  noted,  but  retinal  detail  was  hazy. 

Echography  was  performed  and  demonstrated 
a  total  posterior  vitreous  detachment  with  moder- 
ate intravitreal  hemorrhage.  An  area  of  vitreoreti- 
nal  traction  was  noted  at  the  5:00  position  anterior 
to  the  equator.  There  was  the  appearance  of  a  flap 
tear  but  the  adjacent  retina  was  not  elevated  and  no 
subretinal  fluid  could  be  detected  (Fig.  1).  He  was 
carefully  followed  by  daily  echography  to  verify 
that  the  retina  was  not  detaching.  When  the  vitre- 
ous hemorrhage  had  cleared  to  allow  a  reasonable 
view  of  the  fundus,  photocoagulation  around  the 
tear  was  performed. 

Echography  can  detect  subretinal  fluid  in  the 
presence  of  a  retinal  tear,  and  this  provides 


Fig.  1  B-scan  of  posterior  vitreous  detachment  with 
vitreous  traction  on  flap  tear  (arrows) 


the  retinal  surgeon  with  information  to  assist  in 
optimizing  treatment  options  from  laser  to  a  scleral 
sponge. 
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Case  Study  87 

Retinal  Tear  with  Subretinal  Fluid 


KP  is  a  32-year-old  moderately  myopic  man  who 
presented  with  the  history  of  several  days  of  flash- 
ing lights  and  "cobwebs  with  lots  of  tiny  little  dots" 
in  his  right  eye.  His  vision  was  somewhat  impaired 
by  the  floaters.  Examination  showed  best-corrected 
vision  in  his  right  eye  of  20/50  by  moving  his  eye 
back  and  forth  to  see  through  the  floaters.  The 
visual  acuity  in  the  left  eye  was  20/20.  Fundus 
examination  found  a  mild  vitreous  hemorrhage  in 
the  right  eye  with  a  Weiss  ring  in  the  anterior  vitre- 
ous. There  was  some  clumping  of  blood  inferiorly 
with  the  obscuration  of  the  view  of  the  retina  in  the 
inferotemporal  quadrant. 

Echography  revealed  a  partial  posterior  vitreous 
detachment  with  moderate  intravitreal  opacities 
consistent  with  hemorrhage.  A  focal  area  of  vitreo- 
retinal  traction  was  noted  at  the  7:00  equator  con- 
sistent with  an  elevated  flap  tear  with  focal 
subretinal  fluid  (Fig.  1).  This  was  discussed  with 
the  patient,  and  he  was  advised  to  reduce  physical 
activity,  stop  nonsteroidal  anti-inflammatory  drugs, 
and  return  every  few  days  for  repeat  echography 
until  the  vitreous  hemorrhage  cleared  enough  to 
allow  treatment  of  the  retinal  tear  with  careful  mon- 
itoring of  the  degree  of  subretinal  fluid. 

Other  causes  of  vitreous  opacification  include 
asteroid  hyalosis.  This  condition  is  usually  idio- 


Fig.  1  B-scan  of  posterior  vitreous  detachment  with  vit- 
reous traction  and  subretinal  fluid  (arrow) 

pathic  and  often  unilateral.  It  can  be  dense  enough 
to  preclude  visualization  of  the  fundus,  but  the 
patient  generally  has  surprisingly  good  vision.  The 
reason  for  this  optical  paradox  is  not  understood. 
A  patient  presenting  for  the  first  time  to  the  exam- 
iner is  best  served  by  an  ultrasound  evaluation  of 
the  eye  to  rule  out  fundus  pathology. 
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Case  Study  88 

Choroidal  Melanoma  and  Asteroid 
Hyalosis 


GP  is  a  5  5 -year-old  woman  who  presented  for  a 
routine  eye  examination.  She  stated  that  for  years 
she  had  not  seen  quite  as  well  in  her  left  eye  as 
her  right  and  noticed  some  floaters  against  a  non- 
contrast  background,  such  as  a  blue  sky  or  white 
wall.  Her  visual  acuity  was  measured  at  20/20  OD 
and  20/30  OS.  Ophthalmoscopy  found  moderately 
dense  asteroid  hyalosis  in  the  left  eye  and  the  fun- 
dus was  poorly  seen. 

Echography  revealed  a  solid  mass  lesion  near 
the  equator.  A- scan  demonstrated  low-to-medium 
internal  reflectivity  with  mild  spontaneous  vas- 
cularity. The  lesion  measured  3.9  mm  in  height, 
6.7  mm  in  circumferential  basal  dimension,  and 
7.2  mm  in  radial  basal  dimension  (Fig.  1).  It  was 
highly  consistent  with  a  malignant  melanoma  of 
the  choroid.  A  systemic  workup  was  negative  for 
metastases.  Options  were  discussed  with  the  patient 
and  she  elected  to  undergo  treatment  with  a  radio- 
active iodine  plaque. 

Inflammatory  conditions,  such  as  intermediate 
and  posterior  uveitis,  can  opacify  the  vitreous  cav- 
ity. This  may  be  idiopathic  such  as  in  pars  planitis 
or  due  to  a  specific  entity,  such  as  toxoplasmosis. 
Echography  is  essential  in  the  evaluation  of  the 
posterior  segment  in  such  conditions.  The  status 
of  the  retina  and  choroid  can  best  be  evaluated  by 
A-  and  B-scan. 


2f>J\  W< 


Fig.  1  Top:  B-scan  of  choroidal  melanoma  (small  arrow) 
behind  asteroid  hyalosis  (large  arrow).  Bottom:  A- scan 
of  choroidal  melanoma  (small  arrows)  behind  asteroid 
hyalosis  (large  arrow) 
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Case  Study  89 

Ocular  Toxoplasmosis 


MB  is  a  26-year-old  woman  who  had  a  history  of  a 
"spot"  in  her  left  eye  since  childhood.  Her  vision 
had  always  been  good,  and  she  was  seen  by  an  opti- 
cal chain  store  optometrist  every  few  years  to 
update  her  contact  lens  prescription.  Dilated  fundus 
examination  had  not  been  performed  during  the  last 
several  years.  She  noted  the  onset  of  a  "film"  over 
her  left  eye  for  several  days.  This  progressed  to  the 
point  where  she  could  only  make  out  vague  shapes 
and  forms.  She  had  no  complaints  of  pain  or  tender- 
ness. Examination  by  an  ophthalmologist  found 
best-corrected  vision  OD  of  20/20  and  of  hand 
motions  at  1  m  in  the  left  eye.  There  was  a  mild 
anterior  chamber  reaction  with  trace  flare  and  cells 
and  dense  vitreous  cells.  Indirect  ophthalmoscopy 
suggested  the  presence  of  a  lesion  just  above  the 
macula  ("headlight  in  the  fog").  Other  fundus 
details  were  obscured  by  the  vitreous  opacities. 

Echography  demonstrated  2+  vitreous  dot-like 
opacities  and  a  small  solid  lesion  just  above  the 
macula.  A-  and  B-scan  of  the  lesion  showed  high 
internal  reflectivity  and  no  vascularity  (Fig.  1). 
Calcification  was  not  detected.  The  differential 
diagnosis  included  toxoplasmosis  and  the  patient 
was  begun  on  therapy  with  triple  sulfa  and  trime- 
thoprim. The  vitreous  inflammation  cleared  steadily 
over  several  weeks  and  allowed  a  view  of  the  fun- 
dus with  the  ophthalmoscope.  A  yellowish  elevated 
lesion  adjacent  to  an  area  of  chorioretinal  scarring 
was  seen  which  was  typical  for  toxoplasmosis. 

Neoplastic  intraocular  lesions  can  incite  vitreous 
reaction.  Such  vitreous  debris  can  mask  the  inciting 
malignancy.  Echography  is  essential  in  detecting 
and  differentiating  such  an  entity. 


Fig.  1  Top:  A-scan  of  toxoplasmosis  lesion  {small  arrows) 
with  vitreous  cells  {large  arrows).  Bottom:  B-scan  of  toxo- 
plasmosis lesion  {small  arrow)  with  vitreous  cells  {large 
arrow) 
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Another  example  of  a  malignant  process  with 
vitreous  involvement  is  the  central  nervous  sys- 
tem (CNS)  large-cell  lymphoma.  There  is  a  strong 
correlation  between  intraocular  non-Hodgkin's 
lymphoma  and  involvement  of  the  CNS.  The  vit- 
reous opacities  are  distinctively  larger  than  other 


cellular  infiltrates  that  can  invade  this  cavity.  This 
condition  is  not  uncommonly  misdiagnosed  as 
chronic  uveitis,  but  a  high  level  of  suspicion 
should  exist  for  lymphoma  when  a  patient  over  40 
presents  with  what  appears  to  be  intermediate 
uveitis. 


Case  Study  90 

Ocular  Large-Cell  Lymphoma 


MT  is  a  52-year-old  man  who  presented  with 
complaints  of  "spots"  in  his  vision  and  generalized 
blurring.  His  past  medical  history  was  unremark- 
able. Examination  of  the  eye  documented  visual 
acuity  of  20/20  in  the  right  eye  and  20/70  in  his  left 
eye.  No  keratoprecipitates  were  noted  on  the  cor- 
neal endothelial  surface  and  the  anterior  chamber 
was  clear.  The  vitreous  was  hazy  with  larger  yellow- 
ish cells  floating  within  it.  The  diagnosis  of  pars  pla- 
nitis  with  intermediate  uveitis  was  made  and  he  was 
treated  with  topical  and  oral  steroids.  The  process 
was  not  changed  after  2  weeks  of  treatment,  so  an 
injection  of  subtenon's  triamcinolone  was  given.  He 
was  seen  in  another  2  weeks  with  no  improvement. 

Echography  was  performed  and  3+  vitreous 
opacities  were  noted  with  focal  thickening  of  the 
retinochoroid  layer  (Fig.  1).  This  finding  was  felt  to 
be  unusual  for  uveitis,  so  a  vitreous  biopsy  was  rec- 
ommended. Cytology  demonstrated  large-cell  lym- 
phoma. A  spinal  tap  was  performed  and  showed 
lymphoma  cells  in  the  cerebrospinal  fluid.  An  MRI 
scan  showed  enhancement  of  the  brain's  meningeal 
coverings. 

A  potentially  devastating  cause  of  vitreous 
opacification  is  endophthalmitis.  This  can  occur  via 
endogenous  sources,  such  as  an  infection  at  a  dis- 
tant site  in  the  body.  It  more  commonly  is  associ- 
ated with  an  exogenous  seeding  of  microorganisms, 
such  as  penetrating  trauma  or  surgery.  The  combi- 
nation of  reduced  vision,  eye  pain,  and  a  red  angry 
eye  is  highly  suggestive  of  infectious  endophthal- 
mitis, but  the  presence  of  one  or  more  of  these  find- 
ings should  raise  suspicions  for  the  entity.  It  is 
critically  important  to  diagnose  endophthalmitis  at 
the   earliest   stage.    This   potentially  blinding 


Fig.  1  B-scan  of  choroidal  large-cell  lymphoma  with  vit- 
reous cells  (first  arrow)  and  choroidal  lesion  (second 
arrow) 

condition  can  progress  over  hours,  necessitating  the 
institution  of  appropriate  treatment  promptly.  Mild 
vitreous  opacities  may  be  difficult  to  detect  if  the 
anterior  segment  is  not  clear.  A  patient  who  has 
recently  undergone  intraocular  surgery  is  at  risk  for 
endophthalmitis  and  rapid  diagnosis  is  critical.  The 
classic  signs  of  pain  and  decreased  vision  may  be 
subtle  especially  in  the  immediate  postoperative 
period  when  the  vision  is  not  expected  to  be  per- 
fectly clear  because  of  mild  corneal  edema  and 
anterior  chamber  reaction. 

B-scan  is  useful  in  demonstrating  the  forma- 
tion of  membranes  and  dotlike  vitreous  opacities, 
but  this  is  usually  a  later  finding  as  the  process 
advances  to  the  level  of  a  vitreous  abscess.  A-scan 
is  helpful  in  the  early  stages.  The  probe  is  placed 
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Case  Study  90.  Ocular  Large-Cell  Lymphoma 


against  the  eye  and  the  gain  is  increased  by 
6  dB  above  the  tissue  sensitivity  setting  (r+6), 
which  significantly  increases  system  sensitivity. 
The  vitreous  cavity  is  examined  for  tiny  verti- 
cal deflections  above  the  baseline,  which  can  be 
the  first  sign  of  vitreous  reaction.  As  the  process 
advances,  the  echographic  findings  become  more 


pronounced.  The  cellular  reaction  coalesces  into 
membranes  with  more  prominent  opacities  on 
B-scan  and  higher  spikes  on  A- scan.  The  retino- 
choroid  layer  is  thicker  as  it  becomes  edematous 
from  the  generalized  inflammation  and  in  some 
cases  from  direct  invasion  of  the  tissue  by  the 
infectious  organism. 


Case  Study  91 

Endophthalmitis 


AB  is  a  72-year-old  man  who  underwent  cataract 
surgery  in  the  right  eye  and  was  seen  in  the  office  the 
next  day  for  a  postoperative  checkup.  The  cataract 
was  a  stage  4  sclerotic  nucleus,  and  phacoemulsifi- 
cation had  been  performed  for  a  prolonged  period 
of  time  because  of  the  density  of  the  nucleus.  He 
complained  of  a  mild  aching  pain  during  the  night 
and  blurry  vision.  Examination  found  visual  acuity 
of  20/400  in  the  right  eye  with  a  moderate  amount 
of  corneal  edema  and  2  to  3+  cells  and  flare  in  the 
anterior  chamber.  The  vitreous  and  fundus  could 
not  be  well  seen  because  of  the  anterior  segment 
changes  of  corneal  swelling  and  anterior  chamber 
reaction.  He  was  sent  home  and  instructed  to  use 
topical  antibiotic  and  steroid  drops.  He  called  4 
days  later  and  stated  that  his  symptoms  were  worse 
and  he  was  concerned.  He  was  brought  back  to 
the  office,  and  the  clinical  findings  were  about  the 
same  with  possibly  a  slight  increase  in  the  anterior 
chamber  reaction. 

The  B-scan  showed  a  partial  posterior  vitreous 
detachment.  However,  the  A-scan  gain  was  set  at 
T+6  and  demonstrated  multiple  tiny  blips  in  the 
vitreous  cavity  (Fig.  1).  This  was  interpreted  as 
early  vitreous  reaction  with  a  differential  diagnosis 
including  hemorrhage  or  inflammatory  cells.  In  the 
clinical  setting  of  recent  cataract  surgery,  the  diag- 
nosis of  endophthalmitis  was  made,  and  he  was 
referred  to  a  retinal  specialist  for  a  vitreous  tap  and 
the  injection  of  intraocular  antibiotics.  As  recom- 
mended by  the  collaborative  endophthalmitis  study, 


Fig.  1  A-scan  of  vitreous  opacities  in  aggressive  endo- 
phthalmitis (arrows) 

vitrectomy  was  not  performed  because  the  patient 
had  vision  at  the  20/400  level.  If  it  had  been  hand 
motions  or  worse,  then  vitrectomy  would  have  been 
indicated  [33]. 

He  was  followed  daily  over  a  week  with  serial 
A-scans  to  monitor  the  vitreous  reaction.  His  clini- 
cal symptoms  improved  concurrently,  and  an  ade- 
quate view  of  the  fundus  could  be  obtained  at  this 
time.  He  ultimately  improved  to  a  visual  acuity  of 
20/40  as  the  vitreous  reaction  cleared  and  the  cor- 
neal edema  resolved.  The  final  culture  report  was 
read  as  "significant  Staphylococcus  epidermidisT 

Endophthalmitis  can  follow  an  indolent  course 
as  a  low-grade  iritis  that  does  not  respond  to  treat- 
ment with  anti-inflammatory  medications. 
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Case  Study  92 

Propionibacterium  acnes  Endophthalmitis 


A  A  is  a  76-year-old  woman  who  had  experienced 
recurrent  bouts  of  iritis  in  her  right  eye  since  her 
cataract  surgery  8  months  prior  to  evaluation.  These 
responded  to  topical  steroids  with  remission  of  her 
symptoms  as  long  as  she  took  the  drops,  but  they 
recurred  within  2-3  weeks  when  she  stopped  them. 
Her  intraocular  lens  appeared  well  centered,  and 
there  was  no  evidence  of  white  plaques  on  her  lens 
or  in  the  bag.  Immersion  ultrasound  with  a  20-MHz 
probe  showed  amorphous  material  in  the  capsular 
bag  (Fig.  1). 

This  was  suggestive  of  inflammatory  or  infec- 
tious material,  so  a  50-MHz  scan  was  performed 
for  higher  resolution  of  the  bag  and  the  intraocular 
lens  implant  (Fig.  2).  This  was  felt  to  be  most  con- 
sistent with  an  infectious  agent  such  as 
Propionibacterium  acnes  (P.  acnes).  The  material 
was  aspirated  during  surgery  and  then  the  bag  was 
irrigated  thoroughly  and  intracameral  antibiotics 
were  injected.  Aspirated  material  was  sent  for  cul- 
ture and  grew  out  P.  acnes.  Her  symptoms  rapidly 
resolved. 

In  some  cases  of  severe  endophthalmitis,  the 
purulent  reaction  to  the  invading  organism  can 
result  in  the  vitreous  cavity  becoming  a  sequestered 
pus  pocket. 


Fig.  1  Capsular  bag  containing  diffuse  opacities  (arrow) 
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Case  Study  92.  Propionibacterium  acnes  Endophthalmitis 


Fig.  2  Left:  UBM  (50  MHz)  of  P  acnes  growing  on  intraocular  lens  (arrows).  Right:  Another  area  of  P  acnes  growth 


Case  Study  93 

Vitreous  Abscess 


A  A  is  a  7 -year-old  child  who  complained  to  his 
parents  about  a  red  painful  right  eye.  His  mother 
took  him  to  her  ophthalmologist  who  diagnosed 
iritis  and  started  treatment  with  topical  steroids 
and  cycloplegics.  He  returned  a  few  days  later 
without  improvement  in  his  symptoms.  The  fre- 
quency of  topical  steroids  was  increased  and  the 
boy  returned  with  worsening  of  his  symptoms  and 
a  hypopyon  was  noted.  He  was  referred  to  the  uve- 
itis clinic  at  the  university  medical  center  and  an 
examination  under  anesthesia  was  scheduled. 
Ultrasound  showed  dense  vitreous  opacities  and  a 
focal  condensation  consistent  with  a  vitreous 
abscess  (Fig.  1).  A  foreign  body  was  not  distin- 
guishable from  the  dense  vitreous  membranes  on 


B-scan,  but  A-scan  showed  a  high  spike  consistent 
with  an  intraocular  foreign  body.  On  the  basis  of 
this  information,  a  vitrectomy  was  performed  and 
intraocular  antibiotics  were  infused.  The  boy's 
parents  were  questioned  more  thoroughly,  and  the 
mother  finally  remembered  that  her  son  had  been 
playing  with  a  hairbrush  2  days  before  his  eye 
became  inflamed.  Analysis  of  the  vitrectomy  aspi- 
ration found  a  thin  fiber  consistent  with  a  hair- 
brush bristle. 

Other  causes  of  high-reflective  vitreous  mem- 
branes include  a  detached  posterior  hyaloid  face 
with  blood  deposited  on  it  from  a  vitreous  hemor- 
rhage. This  increases  reflectivity  on  A-  and  B-scan 
and  can  simulate  detached  retina. 


Fig.  1  Left'.  A-scan  with  high  spike  consistent  with  foreign  body  {arrow).  Right:  B-scan  with  vitreous  abscess  {arrow) 
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Case  Study  94 

Vitreous  Hemorrhage 


MV  is  a  75-year-old  man  with  a  history  of  dry 
macular  degeneration  treated  with  oral  antioxi- 
dants. He  noted  some  distortion  of  the  vision  in  his 
left  eye  but  delayed  making  an  appointment  with 
his  ophthalmologist.  He  was  seen  on  an  emergency 
basis  3  weeks  later  with  the  complaint  of  loss  of 
central  vision  in  that  eye.  His  visual  acuity  was 
20/25  OD  and  he  could  only  count  fingers  in  the 
left  eye.  Clinical  examination  found  moderate  vit- 
reous hemorrhage  with  an  obscured  view  of  the 
posterior  pole. 

B-scan  showed  a  high-reflective  membrane  that 
was  suspicious  for  retinal  detachment,  but  it  seemed 
to  arise  from  an  area  of  subretinal  hemorrhage 
(Fig.  1).  A-scan  demonstrated  a  preretinal  vitreous 
membrane  that  was  about  80  %  high  compared  to 
the  initial  signal  (Fig.  2)  and  was  relatively  mobile 
on  eye  movements.  This  was  consistent  with 
detached  vitreous  with  blood  on  the  posterior  hya- 
loid face.  The  patient  was  told  to  return  in  3  weeks 
and  the  subretinal  blood  had  mostly  resolved. 

The  most  common  cause  of  vitreous  hemorrhage 
is  diabetic  retinopathy  with  other  causes  including 
retinal  vein  occlusion,  vitreous  detachment,  break- 
through bleeding  from  subretinal  neovasculariza- 
tion, and  trauma. 

Anterior  segment  causes  of  blurred  vision 
include  abnormalities  of  the  crystalline  lens. 
Abnormalities  of  lens  position  can  occur  such  as  its 
displacement  by  a  cyst  of  the  iris  and  ciliary  body 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


Fig.  1  B-scan  of  posterior  hyaloid  {top  arrow)  and  sub- 
retinal hemorrhage  {bottom  arrow) 


Fig.  2  A-scan  of  posterior  hyaloid  {arrow) 


that  has  become  large  enough  to  push  on  the  lens. 
In  these  cases,  a  bulge  in  the  iris  is  often  noticed 
in  slit-lamp  examination.  The  only  way  to  accu- 
rately characterize  such  a  cyst  is  by  immersion 
echography. 
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Case  Study  95 

Ciliary  Body  Cyst 


DH  is  a  25 -year-old  woman  who  saw  her  optometrist 
because  of  blurred  vision  in  her  left  eye  over  several 
months.  Examination  was  unremarkable  except  for 
a  2-diopter  increase  in  astigmatism  in  that  eye  and  a 
temporal  iris  bulge. 

An  ultrasound  biomicroscope  (UBM)  with  a 
50-MHz  probe  visualized  the  anterior  segment  and 
detected  multiple  iris  and  ciliary  body  cysts  (Fig.  1). 
The  largest  ones  were  contiguous  with  the  lens. 
This  was  felt  to  be  the  basis  for  the  increase  in 
astigmatism. 

Such  cysts  have  been  reported  to  cause  angle  clo- 
sure glaucoma  by  forward  pressure  on  the  iris.  Iris 
and  ciliary  body  cysts  are  benign  lesions,  but  they 
can  rarely  be  mimicked  by  cavitary  changes  in  a 
malignant  melanoma  of  the  ciliary  body.  It  is  postu- 
lated that  some  melanomas  undergo  internal  necro- 
sis as  they  outstrip  their  own  blood  supply.  This 
necrotic  semiliquefied  tissue  has  internal  reflectiv- 
ity on  echography  similar  to  that  of  vitreous  tissue 
and  thus  appears  cystic  on  A-  and  B-scan  (Fig.  2). 

Another  category  of  "lens  tilt"  astigmatism  is 
zonular  dehiscence  or  laxity.  This  can  be  caused 
by  congenital  conditions  such  as  Marfan's  syn- 
drome, familial  ectopia  lentis,  and  homocystein- 
uria  in  the  phakic  patient.  The  ophthalmologist 
is  often  called  upon  to  evaluate  patients  for 
such  conditions  by  examining  the  lens  with 
the  slit  lamp  for  the  presence  of  subluxation 


or  displacement.  Pseudoexfoliation  of  the  lens 
can  occur  later  in  life.  These  patients  may  have 
weakening  of  the  zonules  that  puts  them  at  higher 
risk  for  complications  in  cataract  surgery  with 
the  implantation  of  an  intraocular  lens  implant 
(IOL).  In  pseudophakic  patients  with  a  history  of 
pseudoexfoliation,  there  are  increasing  reports  of 
late  zonular  dehiscence  with  subluxation  of  the 
IOL  that  was  placed  in  the  capsular  bag  at  the 
time  of  surgery.  In  some  cases,  the  IOL  may  float 
backward  and  forward  into  the  vitreous  with  one 
haptec  acting  as  a  hinge. 


Fig.  1  Immersion  scan  of  large  ciliary  body  cyst  {bottom 
arrow)  pushing  on  lens  {top  arrow) 
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Case  Study  95.  Ciliary  Body  Cyst 


Fig.  2  Top:  B-scan  of  cavitary  changes  {arrow)  in  ciliary 
body  melanoma.  Bottom:  A- scan  of  cavity  {arrows) 


Case  Study  96 

Dislocated  Intraocular  Lens  Implant 


SA  is  a  66-year-old  woman  with  a  history  of  pseu- 
doexfoliation  who  underwent  cataract  surgery  with 
the  implantation  of  an  intraocular  lens  implant 
(IOL)  6  years  before  presenting  to  her  ophthalmolo- 
gist with  the  complaints  of  fluctuating  vision.  There 
was  the  impression  of  instability  of  the  IOL  on 
examination  but  it  did  not  appear  to  be  subluxated. 

Immersion  B-scan  was  performed,  and  the  IOL 
was  demonstrated  to  move  excessively  back  and 
forth  into  the  vitreous  with  the  superior  haptec 
hinged  in  the  ciliary  sulcus  (Fig.  1).  The  patient  was 
scheduled  for  an  IOL  removal  and  replacement 
with  an  anterior  chamber  lens. 


Fig.  1  B-scan  of  intraocular  lens  implant  dislocated  into 
vitreous  (second  arrow),  iris  (first  arrow) 


Fig.  2  Immersion  B-scan  (20MHz)  of  a  tilted  IOL  (arrow) 

Immersion  ultrasound  is  useful  in  determining 
the  IOL  position  in  patients  where  it  is  difficult  to 
do  so  clinically.  It  is  not  uncommon  for  one  haptec 
to  be  in  the  capsular  bag  and  the  other  haptec  in  the 
ciliary  sulcus.  This  can  sometimes  result  in  opti- 
cal distortions  and  could  potentially  be  a  cause  of 
the  UGH  syndrome  (uveitis-glaucoma-hyphema). 
Figure  2  shows  such  a  case  of  a  tilted  IOL. 

The  crystalline  lens  capsule  can  be  injured  with 
ocular  trauma,  and  echography  can  be  useful  in 
determining  its  status  and  can  assist  in  determining 
the  optimal  IOL  placement. 
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Case  Study  97 

Ruptured  Anterior  Lens  Capsule 


AA  is  a  26-year-old  man  who  was  trimming  bushes 
and  turned  his  head  and  was  poked  in  the  right  eye 
with  a  branch.  He  recoiled  from  the  pain  and  noted 
rapid  reduction  of  vision  in  that  eye.  He  was  seen 
in  an  emergency  room  and  was  felt  to  have  a  pos- 
sible corneal  laceration.  The  ophthalmologist  on 
call  confirmed  the  laceration  and  also  noted  lens 
opacification.  The  patient  was  scheduled  for  sur- 
gery that  evening  and  a  small  central  stellate  lac- 
eration was  sutured  shut.  The  anterior  chamber  was 
thoroughly  irrigated  and  a  "white  fluffy"  material 
was  noted  which  was  sent  for  culture.  Vancomycin 
was  injected  into  the  anterior  chamber,  and  the 
patient  was  started  on  systemic  and  topical  antibi- 
otics. Echography  was  performed  2  days  later  and 
showed  a  normal  posterior  segment,  but  an  anterior 
segment  exam  with  a  glove  sleeve  over  the  probe 
suggested  a  rupture  of  the  anterior  capsule  (Fig.  1). 
Because  of  this,  it  was  elected  to  schedule  him  for 
an  aspiration  of  the  lens  with  an  insertion  of  a  pos- 
terior chamber  IOL. 

Posterior  lens  capsule  defects  are  not  uncom- 
mon in  polar  cataracts.  These  dense  white  central 
capsular  opacities  are  one  of  the  presentations  of 
congenital  cataracts.  Vasavada  and  Singh-  reported 
a  36  %  incidence  of  posterior  capsular  rupture  at 
cataract  surgery  in  22  cases  of  polar  cataracts  [34] . 
These  defects  can  be  masked  by  the  opacity,  but 
it  is  very  helpful  to  diagnose  the  defect  preopera- 
tively,  so  appropriate  modifications  of  the  cata- 
ract surgery  can  be  made  such  as  minimal  or  no 
hydrodissection. 

AA  is  a  42-year-old  woman  who  had  been  told 
years  ago  that  she  had  a  "spot"  in  the  lens  of  her 


Fig.  1  Rupture  of  the  anterior  lens  capsule  (arrow) 


right  eye.  This  had  not  affected  her  visual  function 
until  during  the  last  few  months  she  noted  a 
significant  drop  in  vision  in  that  eye.  Examination 
found  best-corrected  vision  in  that  eye  of  20/100 
with  a  significant  posterior  subcapsular  cataract 
which  included  a  round  paracentral  fibrotic  plaque. 
She  was  anxious  to  have  cataract  surgery,  but  her 
surgeon  was  concerned  about  a  possible  polar  cata- 
ract with  a  posterior  capsular  defect  which  would 
significantly  increase  the  risk  of  posterior  capsular 
rupture  during  surgery.  Immersion  ultrasound  with 
a  20-MHz  probe  demonstrated  a  focal  capsular 
defect  (Fig.  2),  so  the  patient  was  informed  of  the 
increased  risk  of  complications  and  proceeded  with 
surgery.  Meticulous  surgical  technique  with  mini- 
mal hydrodissection  resulted  in  the  preservation  of 
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Case  Study  97.  Ruptured  Anterior  Lens  Capsule 

the  posterior  capsule  and  successful  implantation 
of  a  posterior  chamber  lens  in  the  capsular  bag. 

Many  types  of  posterior  segment  pathology  can 
result  in  decreased  vision.  The  retina  is  composed  of 
the  rod  and  cone  photoreceptor  cells  with  complex 
interconnections  between  them  and  the  bipolar  and 
retinal  ganglion  cells.  This  neural  tissue  is  subject  to 
numerous  insults  from  a  variety  of  sources.  Many  of 
these  are  directly  visible  by  means  of  the  direct  and 
indirect  ophthalmoscope,  but  echography  is  a  useful 
tool  when  the  problem  is  less  apparent. 


Case  Study  98 

Shallow  Retinal  Detachment 


TT  is  a  57-year-old  commercial  pilot  with  a  history 
of  high  myopia.  His  right  eye  had  suffered  penetrat- 
ing trauma  a  number  of  years  ago  that  had  been 
successfully  repaired  by  repair  of  a  corneal  lacera- 
tion and  removal  of  a  cataractous  lens  with  implan- 
tation of  an  intraocular  lens.  He  presented  to  his 
ophthalmologist  with  complaints  of  flickering 
lights  and  a  shadow  in  the  upper  part  of  his  right 
visual  field.  Examination  found  best-corrected 
vision  in  that  eye  of  20/20-2.  The  anterior  segment 
was  unremarkable  by  slit-lamp  examination  except 
for  an  old  inferior  corneal  scar  with  iris  to  the  cor- 
nea. The  fundus  appeared  normal  by  ophthalmos- 
copy. He  was  referred  to  a  neuro-ophthalmologist, 
who  could  not  find  a  cause  for  the  symptoms.  He 
returned  to  his  primary  ophthalmologist,  who  per- 
formed echography. 

B-scan  revealed  a  very  shallow  detachment  of 
the  inferior  retina.  A-scan  confirmed  a  maximally 
high  and  steeply  rising  spike  consistent  with  the 
retina  (Fig.  1).  This  separation  of  the  retina  had 
been  difficult  to  visualize  because  of  the  corneal 
scar.  He  was  referred  to  a  retinal  specialist  for  sur- 
gical repair. 

Shallow  retinal  detachments  can  be  difficult  to 
see  because  of  the  subtle  degree  of  elevation  above 
the  underlying  choroid.  An  important  clue  is  the 
complaint  by  the  patient  of  seeing  a  "shape"  or 
"curving  surface"  to  one  side  of  the  field  of  vision. 
This  history  necessitates  a  very  careful  fundus 
examination. 

Many  types  of  posterior  segment  pathology  can 
result  in  decreased  vision.  The  retina  is  composed  of 
the  rod  and  cone  photoreceptor  cells  with  complex 
interconnections  between  them  and  the  bipolar  and 
retinal  ganglion  cells.  This  neural  tissue  is  subject  to 


Fig.  1  Top:  B-scan  of  shallow  retinal  detachment 
(arrow).  Bottom:  A-scan  of  the  detachment  (arrows) 

numerous  insults  from  a  variety  of  sources.  Many  of 
these  are  directly  visible  by  means  of  the  direct  and 
indirect  ophthalmoscopes,  but  echography  is  a  use- 
ful tool  when  the  problem  is  less  apparent. 
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Case  Study  98.  Shallow  Retinal  Detachment 


Another  cause  of  visual  acuity  problems  is 
macular  hole  formation.  Donald  Gass  theorized 
that  horizontal  vitreoretinal  traction  forces  at  the 
fovea  can  initiate  hole  formation  [35].  Such  trac- 
tion can  be  missed  even  with  contact  lens  retinal 
biomicroscopy.  The  imaging  capability  of 
echography  can  demonstrate  partial  separation  of 
the  posterior  hyaloid  that  is  not  visible  on  clinical 


examination.  Optical  coherence  tomography 
(OCT)  technology  is  challenging  ultrasound  this 
area  and  can  demonstrate  subtle  posterior  hyaloid 
separation  that  is  not  observable  by  the  standard 
10-MHz  B-scan.  High-frequency  15-  to  20-MHz 
B-scan  probes  focused  on  the  posterior  pole  are 
being  introduced  that  will  further  increase 
resolution. 


Case  Study  99 

Macular  Traction 


MT  is  a  70-year-old  woman  who  complained  of 
blurriness  of  her  right  eye.  She  said  that  some- 
times lines  appeared  wavy.  Examination  found  2+ 
nuclear  sclerosis  bilaterally  and  mild  retinal  pig- 
ment epithelial  changes  in  both  maculae.  A  fluo- 
rescein angiogram  was  performed  and  showed  a 
few  focal  retinal  pigment  epithelial  (RPE)  window 
defects  bilaterally  but  no  other  abnormalities. 

Echography  was  performed,  and  B-scan  demon- 
strated partial  separation  of  the  posterior  hyaloid 
face  at  the  macula  (Fig.  1).  An  impending  macular 
hole  was  diagnosed,  and  she  was  carefully  followed 
for  further  evolution  of  the  process.  When  she 
returned  in  3  months,  her  symptoms  had  subsided 
and  repeat  echography  revealed  complete  separa- 
tion of  the  vitreous.  She  was  reassured  that  the  risk 
of  a  macular  hole  was  minimal  because  of  the 
release  of  tractional  forces. 

A  new  therapeutic  agent,  ocriplasmin  is  now 
available  which  can  induce  a  PVD  in  some  patients. 
This  is  postulated  to  be  advantageous  in  certain 
high-risk  patients,  such  as  those  with  vitreoretinal 
traction  at  the  macula,  diabetics  with  high-risk 
characteristics  for  proliferative  retinopathy,  and 
high  myopes  with  peripheral  lattice  degeneration. 
Echography  is  the  ancillary  modality  in  document- 
ing the  anatomy  of  the  vitreoretinal  interface  in 
one  such  study. 

The  choroid  contains  most  of  the  blood  supply 
to  the  outer  retina.  Various  disease  processes  can 


Fig.  1  B-scan  of  posterior  vitreous  detachment  with 
macular  traction  (arrow) 

affect  this  tissue  with  resultant  decrease  in 
vision.  Echography  is  able  to  document  thicken- 
ing of  the  choroid  whether  due  to  the  edema  of 
an  inflammatory  process,  such  as  Vogt- 
Koyanagi-Harada  syndrome,  or  the  solid  thick- 
ening of  a  malignant  process,  such  as  en  plaque 
melanoma. 

Inflammatory  cells  as  part  of  several  diseases  can 
invade  the  choroid.  The  adjacent  retina  and  sclera 
can  also  be  involved. 
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Case  Study  100 

Sympathetic  Ophthalmia 


KG  is  a  43 -year-old  Hispanic  migrant  worker  who 
had  been  struck  in  the  right  eye  by  a  piece  of  metal 
as  he  was  hammering  on  a  metal  rod.  He  did  not 
seek  medical  care  for  several  days  because  of  his 
nonresident  status,  but  finally  the  pain  became 
intense  and  he  went  to  the  local  emergency  room. 
The  small  hospital  in  the  rural  area  where  he 
worked  did  not  have  an  ophthalmologist  on  staff. 
The  emergency  room  doctor  put  the  patient  on  both 
oral  and  topical  antibiotics  and  advised  the  patient 
to  seek  out  a  specialist  in  a  city  about  50  miles 
away.  He  delayed  this  for  several  more  days  and 
was  finally  seen  by  an  ophthalmologist  more  than  a 
week  after  the  initial  injury. 

He  was  found  to  have  a  corneal- scleral  laceration 
with  iris  to  the  wound.  He  was  taken  to  surgery, 
where  the  laceration  was  repaired  and  necrotic 
uveal  tissue  was  excised.  He  was  noted  to  have  a 
dense  cataract  and  moderate  anterior  chamber  reac- 
tion. The  intraocular  pressure  in  that  eye  was  5  mm 
and  16  mm  in  the  left  eye. 

The  fundus  was  imaged  with  echography,  and  he 
was  found  to  have  diffuse  retinochoroidal  edema 
(Fig.  1).  It  was  suggestive  of  early  phthisis  bulbi, 
and  only  palliative  treatment  with  topical  anti- 
inflammatory drugs  and  cycloplegics  was  prescribed. 

He  was  lost  to  follow  up  for  several  months  but 
then  returned  to  the  ophthalmologist  with  complaints 
of  some  aching  in  his  opposite  eye  with  blurry  vision. 
Examination  found  a  phthisical  right  eye  with  no 
light  perception  and  20/50  in  the  left  eye.  Slit-lamp 
examination  of  the  left  eye  found  a  mild  flare  in  the 
anterior  chamber  and  a  slightly  hazy  vitreous.  The 
retinochoroid  layer  appeared  edematous,  and  two 
foci  were  noted  of  yellowish  infiltrates. 


Fig.  1  B-scan  of  choroidal  thickening  in  pre-phthisis 

(arrow) 

Echography  was  performed  and  mild  thickening  of 
the  choroid  was  revealed  with  medium-to-high  inter- 
nal reflectivity  (Fig.  2).  This  differential  diagnosis 
first  included  sympathetic  ophthalmia.  The  patient 
was  immediately  started  on  high-dose  topical  and 
systemic  steroids  with  resolution  of  the  process  over 
several  weeks  and  decreased  choroidal  thickening. 

The  optic  nerve  is  derived  from  the  axons  of  the 
retinal  ganglion  cells  and  is  subject  to  some  of  the 
same  inflammatory  and  malignant  processes  near 
its  exit  though  the  sclera.  Its  retrobulbar  portion  can 
be  involved  by  orbital  disease  entities  that  do  not 
involve  the  intraocular  tissues.  A  common  feature 
of  optic  nerve  pathology  is  reduced  vision,  and  the 
visual  deficit  is  usually  a  central  scotoma.  A  helpful 
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Case  Study  100.  Sympathetic  Ophthalmia 


Fig.  2  Left:  B-scan  of  choroid  in  sympathetic  ophthalmia  {arrow).  Right:  A-scan  of  choroid  {arrows) 


test  of  optic  nerve  disease  is  to  shine  a  penlight  first 
in  the  normal  eye  and  then  the  abnormal  one.  The 
patient  is  asked  to  grade  the  light  intensity  in  each 
eye  on  a  scale  of  1-10.  Color  vision  is  a  very  sensi- 
tive test  in  the  early  phases  of  optic  nerve  dysfunc- 
tion, so  the  same  eye-to-eye  comparison  can  be 
made  with  a  red  target  such  as  a  mydriatic  bottle 
cap.  These  findings  in  association  with  an  afferent 


pupil  defect  are  highly  characteristic  of  optic  nerve 
involvement  by  a  disease  process. 

The  major  processes  that  can  involve  the  optic 
nerve  are  vascular,  inflammatory,  and  neoplastic. 
Echography  is  especially  helpful  with  the  latter 
two,  but  specialized  ultrasound  techniques  such  as 
color  Doppler  are  required  to  evaluate  blood  flow 
abnormalities. 


Part  IV 

Blurred  Vision 


Blurred  vision  is  the  sine  qua  non  of  visual  system 
symptoms.  Concern  about  loss  or  reduction  of  the 
ability  to  see  is  a  fundamental  concern  to  any  nor- 
mal individual.  Rarely,  a  psychotic  patient  may 
mutilate  his  own  eye  and  suffer  permanent  dam- 
age. This  can  occur  because  of  distorted  feelings 


of  guilt  that  drive  the  sufferer  to  harm  himself  as 
punishment  for  the  perceived  sin  of  misuse  of  his 
eyes.  In  the  Greek  tragedy  Oedipus,  the  king  puts 
out  his  own  eyes  when  he  realizes  that  he  has  inad- 
vertently killed  his  father  and  taken  his  own 
mother  as  wife. 


165 


Case  Study  101 

Central  Retinal  Artery  Embolus 


TH  is  a  51 -year-old  man  who  presented  to  the 
emergency  room  with  a  history  of  a  sudden  loss  of 
vision  in  his  right  eye  3  h  previously.  He  was 
found  to  have  vision  in  that  eye  of  light  perception 
with  20/20  in  his  left  eye.  An  ophthalmology  con- 
sult was  requested  and  documented  a  3+  afferent 
defect  on  the  right  and  a  cherry  red  spot  in  the 
fovea  consistent  with  marked  retinal  edema.  No 
emboli  were  seen. 

B-scan  was  performed  the  next  day  and  revealed 
embolic  material  posterior  to  the  lamina  cribrosa 
lodged  in  the  central  retinal  artery  (Fig.  1).  This 
observation  prompted  a  workup  for  a  source. 
Carotid  duplex  scanning  showed  only  a  focal  ath- 
erosclerotic plaque  that  was  considered  nonsignifi- 
cant. Transesophageal  echocardiography  was 
performed,  and  a  calcific  plaque  was  noted  on  the 
aortic  valve.  He  was  scheduled  for  open  heart  sur- 
gery with  valve  replacement. 


The  most  common  solid  tumors  of  the  optic 
nerve  include  gliomas  in  children  and  meningio- 
mas in  adults. 


Fig.  1  B-scan  of  embolic  material  in  central  retinal 
artery  (arrow) 
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Case  Study  102 

Optic  Nerve  Sheath  Meningioma 


JB  is  a  37-year-old  woman  with  complaints  of 
gradually  decreasing  vision  over  the  past  9  months 
in  her  right  eye.  It  seemed  to  fluctuate,  and  at  first 
she  ascribed  the  symptom  to  overuse  of  her  eyes  on 
the  computer.  However,  it  continued  when  the 
stress  of  work  had  decreased  and  she  became  con- 
cerned enough  to  seek  attention. 

Examination  found  vision  in  the  right  eye  of  20/30-1 
and  the  left  eye  of  20/20.  Exophthalmometry  mea- 
sured 2  mm  of  proptosis  of  the  right  eye.  Intraocular 
pressures  and  the  anterior  segment  were  normal  in 
both  eyes.  A  1+  afferent  pupil  defect  was  noted  in  the 
right  eye.  Fundus  examination  revealed  engorged  ves- 
sels on  the  surface  of  the  right  optic  disc.  A  visual  field 
examination  demonstrated  a  central  scotoma  on  the 
right  and  a  normal  field  on  the  left. 

An  A- scan  revealed  thickening  of  the  right  nerve 
that  measured  9.4  mm  compared  to  3.8  mm  on  the 
left.  The  nerve  sheaths  were  abnormally  thickened 
relative  to  the  optic  nerve  (Fig.  1).  A  30°  test  was 
negative  on  the  right,  which  suggested  a  solid  thick- 
ening of  the  nerve  and  was  evidence  against  excess 
optic  nerve  sheath  fluid  as  the  cause. 

An  MRI  scan  demonstrated  thickening  of  the 
optic  nerve  sheath  consistent  with  optic  nerve 
sheath  meningioma  (Fig.  2).  The  echographic  and 
MRI  findings  were  felt  to  be  diagnostic  and  obvi- 
ated the  need  for  a  nerve  sheath  biopsy.  She  was 
observed,  and  as  the  vision  declined,  she  was 
referred  for  radiation  therapy. 

A  rare  cause  of  infiltration  of  the  optic  nerves  in 
older  individuals  is  central  nervous  system  lym- 
phoma. It  may  result  in  fulminant  disc  and  parapap- 
illary  swelling  which  is  a  form  of  papilledema  not 
caused  by  increased  intracranial  pressure. 


i   i   i  j 


Fig.  1  A- scan  of  optic  nerve  sheath  meningioma  (verti- 
cal arrows  contacting  nerve  sheath  and  small  middle 
arrow  touching  nerve  parenchyma) 


Fig.  2  CT  scan  of  optic  nerve  sheath  meningioma 

(arrow) 
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Case  Study  103 

Optic  Nerve  Lymphoma 


RT  was  an  82-year-old  man  who  noted  blurred 
vision  in  both  eyes  for  several  weeks.  He  was  seen 
by  an  optometrist  who  documented  vision  of  20/80 
OD  and  20/100  OS.  Slit-lamp  examination  was 
unremarkable  except  for  mild  nuclear  sclerotic  cat- 
aracts. Fundus  examination  showed  bilateral  optic 
disc  edema  (Fig.  1).  The  patient  was  referred  for 
neurological  workup,  and  an  MRI  scan  was 
obtained.  It  showed  no  abnormalities  in  the  brain 
but  some  enhancement  of  both  optic  nerves  with 
gadolinium  injection  (Fig.  2). 


Fig.  1  Optic  disc  edema.  Top:  right  disc.  Bottom:  left  disc 


Echography  showed  thickening  of  both  optic 
nerves,  with  the  right  measuring  4.73  mm  and  the 
left  6.98  mm  (Fig.  3).  There  was  a  negative  30°  test 
bilaterally  that  ruled  out  increased  optic  nerve 
sheath  fluid  and  was  suggestive  of  cellular  infiltra- 
tion of  the  nerves. 

Lumbar  puncture  was  performed,  and  a  few 
large  B  cells  were  found  on  microscopic  examina- 
tion of  the  spinal  fluid.  The  diagnosis  of  CNS  large 
cell  lymphoma  was  made,  and  the  patient  was 
referred  for  radiation  therapy.  His  vision  improved 
to  20/30  OD  and  20/40  OS  with  almost  total  reso- 
lution of  the  optic  disc  swelling.  Repeat  echogra- 


Fig.  2  Magnetic  resonance  imaging  of  lymphoma  of 
optic  nerves  {arrows) 
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Case  Study  103.  Optic  Nerve  Lymphoma 


Fig.  3  Left:  A-scan  of  lymphoma  of  right  optic  nerve  {arrows).  Right:  A-scan  of  left  optic  nerve  (arrows) 

phy  verified  reduction  of  the  optic  nerve  thickness.  The  optic  nerve  is  subject  to  mechanical  corn- 
He  remained  in  remission  for  several  months,  but  pressionby  processes  other  than  neoplasms.  Orbital 
then  the  lymphoma  recurred  and  he  expired  shortly  hemorrhage  subsequent  to  trauma  can  compress  the 
afterwards.  nerve  and  result  in  visual  loss. 


Case  Study  104 

Optic  Nerve  Sheath  Hemorrhage 


HA  is  a  25 -year-old  man  who  was  struck  by  a  car 
while  riding  his  bike.  He  was  thrown  onto  the  pave- 
ment and  suffered  head  injury  with  a  concussion. 
He  was  evaluated  in  the  emergency  room  with  CT 
scanning,  and  no  skull  fracture  was  noted.  He  was 
admitted  for  overnight  observation  in  the  hospital. 
The  next  morning  he  complained  of  hazy  vision  in 
his  right  eye.  An  ophthalmology  consult  was 
obtained,  and  the  examination  found  vision  OD  of 
20/80  and  OS  of  20/20.  A  2+  afferent  pupil  defect 
was  noted  in  the  right  eye.  Slit-lamp  and  fundus 
examinations  were  unremarkable.  The  CT  scan  was 
reviewed  and  showed  widening  of  the  right  optic 
nerve  sheaths  (Fig.  1). 

Echography  showed  thickening  of  the  right  nerve 
that  was  measured  at  5.4  mm  versus  3.2  mm  on  the 


Fig.  1  Computed  tomography  scan  of  widened  optic 
nerve  sheath  (arrow) 


left  (Fig.  2).  The  nerve  sheath  appeared  to  be  thick- 
ened. There  was  a  mildly  positive  30°  test  with  reduc- 
tion of  the  right  nerve  sheath-to-sheath  diameter  to 
4. 1  as  he  looked  to  the  right.  In  the  clinical  setting  of 
trauma,  these  findings  were  felt  to  be  most  consistent 
with  optic  nerve  sheath  hemorrhage.  The  patient  was 
carefully  observed  for  24  h  with  frequent  monitoring 
of  his  visual  acuity.  The  plan  was  to  perform  optic 
nerve  sheath  decompression  if  his  vision  did  not 
improve.  The  vision  recovered  to  20/25  over  the  next 
several  days  and  was  20/20  by  2  weeks.  Ultrasound 
was  repeated  several  times  during  this  period,  and  the 
optic  nerve  sheath  reduced  to  a  diameter  of  3.5  mm. 

Computed  tomography  and  MRI  are  exquisite 
methods  to  image  the  optic  nerve  in  its  course  as  it 
exits  the  globe  until  it  reaches  the  chiasm.  However, 


'I 

11 

Fig.  2  A- scan  of  optic  nerve  sheath  hemorrhage  (small 
vertical  arrows  point  to  optic  sheath) 
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Case  Study  104.  Optic  Nerve  Sheath  Hemorrhage 


subtle  degrees  of  thickening  can  be  missed. 
Echography  has  the  advantage  of  quantifying  the 
nerve  thickness,  and  by  means  of  the  30°  test,  it  is 
possible  to  differentiate  excess  nerve  sheath  fluid 
from  solid  thickening  of  the  sheaths  and  nerve 
parenchyma. 

Pseudotumor  cerebri  is  defined  as  increased 
intracranial    pressure    in    the    absence  of 


mechanical  obstruction  to  cerebrospinal  fluid 
outflow.  These  patients  are  commonly  women  in 
the  20-to-mid-40  age  group  who  are  obese  with 
a  history  of  headaches.  Radiologic  imaging 
studies  show  normal  to  undersized  ventricles. 
They  are  found  to  have  papilledema  on  clinical 
examination  and  may  give  a  history  of  visual 
grayouts  or  blackouts  [36]. 


Case  Study  105 

Optic  Nerves  in  Pseudotumor  Cerebri 


BA  is  a  34-year-old  moderately  obese  woman  with 
a  6-month  history  of  increasingly  severe  headaches 
and  intermittent  obscurations  of  vision  in  the  right 
eye.  Her  primary  care  physician  noted  bilateral  pap- 
illedema and  referred  her  to  an  ophthalmologist. 

Ophthalmologic  examination  documented  vision 
in  both  eyes  of  20/25  and  moderate  papilledema 
on  fundus  evaluation.  Visual  field  studies  revealed 
bilateral  blind  spot  enlargement  worse  on  the  right 
and  moderate  peripheral  constriction.  An  MRI  scan 
was  obtained,  and  no  mass  lesion  was  detected.  The 
ventricles  were  of  normal  size,  and  the  optic  nerve 
diameters  were  interpreted  as  qualitatively  normal. 

Echography  was  performed,  and  A- scan  revealed 
optic  nerve  thickness  of  4.5  mm  OD  and  4.98  mm 


OS  (Fig.  1).  A  30°  test  was  performed  and  was 
positive  for  excess  sheath  fluid  bilaterally  with 
reduction  OD  to  3.48  mm  and  OS  to  3.72  mm 
(Fig.  2).  The  diagnosis  was  felt  to  be  consistent 
with  pseudotumor  cerebri,  and  she  was  referred 
for  optic  nerve  sheath  fenestration  because  of 
the  visual  field  defects  and  increasing  amaurotic 
symptoms. 

A  change  in  vision  is  the  most  common  pre- 
senting complaint  of  patients  seeking  attention 
for  ocular  problems.  A  good  clinical  history  and 
examination  can  clarify  most  of  these,  but  echog- 
raphy provides  a  rapid  and  cost-effective  ancillary 
technique  to  assist  in  the  workup  of  less  obvious 
pathology  in  the  globe  and  orbit. 
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Fig.  1  Left:  A-scan  of  increased  optic  nerve  sheath  fluid  in  pseudotumor  cerebri  right  eye.  Right:  left  eye  (vertical  arrows) 
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Case  Study  105.  Optic  Nerves  in  Pseudotumor  Cerebri 


Fig.  2  Left:  A-scan  of  right  optic  nerve  after  30°  test  {arrows).  Right:  A-scan  of  left  optic  nerve  after  30°  test  {arrows) 


Part  V 

Bulgy  Eyes 


Echography  is  a  valuable  diagnostic  technique  for 
the  evaluation  of  orbital  pathology.  The  incredible 
advances  in  computerized  imaging  capability  with 
computed  tomography  (CT),  magnetic  resonance 
imaging  (MRI),  and  positron  emission  tomography 
(PET)  scanning  have  seemingly  supplanted  the  role 
of  ultrasound  in  orbital  diagnosis,  but  this  modality 
has  much  to  offer.  B-scan  still  occupies  an  impor- 
tant niche  especially  in  the  anterior  half  of  the  orbit, 
but  A- scan  brings  a  unique  capability  to  the  orbit  by 
providing  quantitative  data  for  the  evaluation  of 
orbital  lesions.  The  ability  to  accurately  measure 
structures,  such  as  the  optic  nerves,  extraocular 
muscles,  and  lacrimal  glands,  in  conjunction  with 
tissue  pattern  analysis  of  tumors  and  other  lesions 


complements  the  morphological  analysis  provided 
by  the  other  imaging  modalities. 

Orbital  diagnosis  requires  a  systematic  and  method- 
ical approach  including  a  careful  history,  physical 
examination,  and  the  judicious  and  cost-effective  use 
of  imaging  technology.  A  common  presentation  of 
many  kinds  of  orbital  pathology  is  proptosis.  This 
term  is  usually  applied  to  space-occupying  lesions, 
whereas  exophthalmos  generally  applies  to  the  protru- 
sion of  the  eyes  seen  in  Graves'  orbitopathy. 

Patients  with  prominent  eyes  are  encountered 
commonly  in  general  ophthalmic  practice.  The 
patient  herself  or  a  family  member  may  have  noticed 
the  change  in  eye  position,  or  the  practitioner  may 
be  the  first  to  bring  it  to  the  attention  of  the  patient. 
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Case  Study  106 

Optic  Nerve  Glioma 


TR  was  a  6-year-old  child  who  had  been  treated 
with  glasses  and  patching  for  anisometropic  ambly- 
opia and  accommodative  esotropia  over  several 
years.  His  vision  in  the  right  eye  was  20/25  on  the 
most  recent  examination  and  the  left  had  improved 
with  therapy  to  20/50.  His  family  had  changed  their 
health  insurance,  and  because  their  ophthalmolo- 
gist was  not  on  the  plan,  they  elected  to  seek  con- 
sultation with  a  different  doctor.  He  noted  that  the 
patient's  left  eye  appeared  prominent  under  ampli- 
fication by  the  high-plus  spectacle  lenses  the  child 
was  wearing.  Hertel  exophthalmometry  was  per- 
formed and  showed  a  measurement  of  the  right  eye 
of  15  mm  and  the  left  of  18.  He  also  documented 
the  presence  of  a  subtle  afferent  pupil  defect  on  the 
left  side. 

Echography  was  performed  and  revealed  thick- 
ening of  the  left  optic  nerve  of  6.98  mm  compared 
to  3.4  mm  on  the  right.  The  nerve  substance  was 
thickened  and  the  optic  nerve  sheaths  appeared  nor- 
mal (Fig.  1).  The  30°  test  was  negative,  which  sup- 


Fig.  1  A-scan  of  optic  nerve  glioma  (arrows) 


ported  a  solid  process  of  the  left  optic  nerve  as 
opposed  to  excess  optic  nerve  sheath  fluid.  The 
echographic  findings  were  consistent  with  an  optic 
nerve  glioma. 

This  diagnosis  was  supported  by  MRI  scanning 
that  demonstrated  fusiform  optic  nerve  enlarge- 
ment on  the  left  back  towards  the  optic  chiasm 
(Fig.  2).  The  chiasm  appeared  uninvolved  by  the 
tumor.  It  was  elected  to  follow  the  child  without 
treatment  with  serial  MRI  scans  to  ensure  that 
the  neoplasm  was  not  growing  posteriorly.  The 


Fig.  2  Magnetic  resonance  imaging  of  optic  nerve 
glioma  (arrow) 
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Case  Study  106.  Optic  Nerve  Glioma 


treatment  of  the  amblyopia  with  glasses  and  patch- 
ing was  continued. 

Exophthalmos  can  be  simulated  by  retraction  of 
the  upper  lids.  Their  normal  position  is  just  above 
the  superior  limbus,  and  elevation  above  this  level 
can  give  the  appearance  of  prominence  of  the  globe. 
The  most  common  cause  of  retraction  is  thyroid- 
related  eye  disease.  The  causes  of  this  finding 
are  multifactorial  and  according  to  Doxanas  and 
Anderson  [37]  include  sympathetically  innervated 
muscle  contraction,  infiltration  of  the  levator  muscle 
by  glycopro-teins  and  mucopolysaccharides,  and 


overaction  of  the  levator  palpebrae/superior  rectus 
muscle  complex  in  response  to  a  fibrotic  inferior 
rectus  muscle  that  tethers  the  globe  with  resultant 
hypotropia. 

The  spectrum  of  Graves'  disease  ranges  from 
simple  hyperkinetic  lid  retraction  to  conges- 
tive ophthalmology  with  conjunctival  chemosis 
and  edema  of  orbital  tissues.  It  is  possible  to 
image  the  levator/superior  rectus  complex  by 
echography,  and  thickening  of  these  structures 
may  be  an  early  echographic  sign  of  Graves' 
orbitopathy. 


Case  Study  107 

Levator/Superior  Rectus  Complex 
in  Graves'  Disease 


SB  is  a  43-year-old  woman  with  a  history  of 
radioactive  iodine  treatment  of  hyperthyroid- 
ism 10  years  before  she  presented  to  her  ophthal- 
mologist with  the  complaint  that  "my  eyes  seem 
bigger."  She  stated  that  her  thyroid  hormone  lev- 
els had  recently  been  checked  and  were  normal. 
Examination  revealed  vision  in  both  eyes  of  20/20 
and  normal  slit-lamp  examination.  There  was  1  mm 
of  scleral  show  bilaterally  and  mild  lid  lag.  Hertel 
exophthalmometry  was  performed  and  measured 
18  mm  OD  and  19  mm  OS. 

A-scan  demonstrated  normal  to  upper  limits  of 
extraocular  muscle  quantitative  measurements  bilat- 
erally. However,  B-scan  qualitatively  showed  thick- 
ening of  the  levator/superior  rectus  complex  (Fig.  1). 
She  was  diagnosed  with  early  congestive  Graves' 
ophthalmopathy  and  was  advised  to  be  followed  up 
in  6  months  or  to  return  sooner  if  she  noted  symp- 
toms, such  as  reduced  vision  or  diplopia. 

The  spectrum  of  Graves'  disease  ranges  from 
the  hyperkinetic  signs  such  as  lid  lag  and  stare  to 


the  congestive  signs  including  chemosis  and  pro- 
ptosis  with  overlap  of  these  findings  in  many 
patients. 


Fig.  1  B-scan  of  superior  rectus  (small  arrow)/levator 
(large  arrow)  complex  in  Graves'  disease 
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Case  Study  108 

Noncongestive  Graves'  Disease 


CJ  is  a  5  3 -year-old  woman  with  a  history  of  hyper- 
thyroidism who  noted  prominence  of  her  eyes  over 
several  months.  She  was  referred  to  an  endocrinol- 
ogist who  diagnosed  Graves'  orbitopathy  and 
referred  her  for  echographic  confirmation.  This 
showed  several  thickened  extraocular  muscles 
bilaterally,  which  was  consistent  with  her  diagno- 
sis. She  was  lost  to  follow-up  for  several  years  and 
then  presented  to  her  endocrinologist  with  the  con- 
cern that  her  left  eye  was  "bulging  out  more." 
Exophthalmometry  measurements  were  basically 
unchanged  from  the  previous  ones  (OD  20  mm  and 
OS  22  mm).  An  MRI  scan  showed  borderline 
enlargement  of  several  muscles,  but  no  mass  lesion 
was  detected.  An  orbital  surgeon  was  consulted  and 
recommended  orbital  decompression. 

She  sought  a  second  opinion  and  was  referred  for 
echography,  which  showed  that  the  muscle  mea- 
surements had  actually  decreased  from  the  ones 


taken  3  years  ago  (Fig.  1).  Her  increasing  eye 
prominence  was  felt  due  to  increased  lid  retraction 
and  not  from  extraocular  muscle  thickening.  She 
was  given  the  option  for  a  relatively  simple  levator 
recession  operation  to  lower  the  left  upper  lid  and 
advised  not  to  undergo  orbital  decompression  with 
its  greater  risk  of  complications. 

If  the  examiner  suspects  proptosis,  it  is  recom- 
mended that  he  stand  behind  the  seated  patient 
without  leaning  forward  and  look  down  at  the  top 
of  her  head.  Then  her  head  is  gently  tilted  back,  and 
normally  her  supraorbital  ridges  should  first  be 
seen  followed  by  the  malar  prominences.  The  cor- 
neas are  not  normally  seen  unless  proptosis  is  pres- 
ent. This  is  especially  apparent  if  the  eyes  are 
asymmetric  in  their  protrusion  forward.  Another 
technique  is  to  place  a  card  so  it  simultaneously 
touches  the  supraorbital  ridge  and  malar  promi- 
nence. The  eyeball  should  not  be  in  contact  with  the 


Fig.  1  Left'.  A- scan  of  superior  rectus  muscle  {arrows).  Right:  same  muscle  4  years  later  {arrows) 
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Case  Study  108.  Noncongestive  Graves'  Disease 


card  unless  it  is  proptotic.  The  impression  of  pro- 
ptosis  should  be  confirmed  by  exophthalmometry 
measurements. 

In  some  cases  of  orbital  pathology,  the  globe  is  not 
proptosed,  but  is  displaced  in  the  horizontal  plane. 
Inferior  displacement  suggests  a  lesion  in  the  lacrimal 
gland  or  superior  orbit  such  as  lymphoma,  lateral  dis- 
placement is  suspicious  for  a  lesion  in  the  ethmoid  or 
sphenoid  sinus,  medial  displacement  suggests  lacri- 
mal gland  enlargement,  and  superior  displacement 
suggests  a  lesion  in  the  maxillary  sinus. 

The  30-cc  space  comprising  the  orbit  is  subject 
to  a  wide  variety  of  pathological  states.  An  accu- 
rate differential  diagnosis  is  dependent  upon  a 
combination  of  clinical  history  and  examination 


in  conjunction  with  appropriate  imaging  studies. 
In  spite  of  such  careful  analysis,  the  clinician  is 
not  uncommonly  surprised  at  the  final  pathological 
diagnosis. 

This  is  especially  true  with  axial  proptosis, 
which  often  is  not  evident  unless  someone  besides 
the  patient  views  the  eyes  off  angle.  The  globe  can 
be  pushed  forward  to  a  considerable  degree  before 
it  is  recognized.  Exophthalmometry  is  an  important 
tool  to  quantitate  the  amount  of  proptosis.  Migliori 
[38]  studied  normal  subjects  and  found  that 
Caucasian  males  had  average  exophthalmometry 
measurements  of  16.5-21.5  mm  and  females  aver- 
aged 15.5-20  mm.  Black  adults  averaged  about 
2  mm  more  than  whites  for  both  men  and  women. 


Case  Study  109 

Cavernous  Hemangioma 


TP  is  a  43 -year-old  woman  who  presented  with  the 
complaint  that  her  eyelashes  were  brushing  against 
her  glasses  for  the  past  several  weeks.  Examination 
found  vision  in  the  right  eye  of  20/25  and  the  left 
of  20/20.  She  had  full  range  of  extraocular  move- 
ments and  no  horizontal  or  vertical  displacement 
of  the  eye.  Hertel  exophthalmometry  was  per- 
formed and  OD  measured  24  mm  with  OS  at 
17  mm.  Her  driver's  license  photo  had  been  taken 
5  years  previously,  and  there  was  no  apparent  pro- 
ptosis  of  the  right  eye  when  the  picture  was 
inspected  with  a  magnifying  lens.  Fundus 
examination  was  remarkable  for  the  presence  of 
choroidal  folds  in  the  right  eye. 

Echography  was  performed,  and  an  intraconal 
well-outlined  mass  was  noted  on  B-scan.  A-scan 
revealed  medium  internal  reflectivity  and  angle 


kappa  with  a  "sawtooth"  pattern  consistent  with 
a  cavernous  hemangioma  (Fig.  1).  The  lesion 
decreased  from  15  to  13  mm  upon  compression  by 
the  probe  through  the  closed  lid  for  over  a  minute. 
No  spontaneous  vascularity  was  noted. 

The  patient  underwent  an  excision  of  the  tumor, 
which  was  easily  removed  in  toto  with  the  aid  of  a 
cryoprobe.  The  pathological  diagnosis  was  a  cav- 
ernous hemangioma  (Fig.  2)  with  characteristic 
large  blood-filled  cystic  spaces. 

Another  tumor  that  may  be  found  in  the  retrobul- 
bar space  with  resultant  axial  proptosis  is  the 
hemangiopericytoma.  This  potentially  malignant 
lesion  has  been  confused  with  cavernous  hemangi- 
oma on  imaging  studies,  but  A-scan  characteristics 
are  usually  quite  helpful  in  distinguishing  between 
these  two  entities. 


Fig.  1  Left'.  A-scan  of  cavernous  hemangioma  (vertical  arrows).  Right:  B-scan  of  the  lesion  (arrows) 
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Case  Study  109.  Cavernous  Hemangioma 


Fig.  2  Microscopic  structure  of  cavernous  hemangioma 


Case  Study  110 

Hemangiopericytoma 


HO  is  a  42-year-old  woman  who  presented  with 
the  complaint  that  her  left  eye  appeared  larger 
than  her  right.  She  was  not  exactly  certain  when 
the  problem  started  but  felt  it  was  probably  over 
several  months.  Examination  found  vision  in  both 
eyes  of  20/20  and  5  mm  of  left  proptosis  on  Hertel 
exophthalmometry.  Fundus  examination  was  nor- 
mal and  no  choroidal  folds  were  noted.  CT  scan- 
ning revealed  a  rounded  isodense  lesion  behind  the 
globe  that  mildly  enhanced  after  the  injection  of  a 
contrast  agent.  The  differential  diagnosis  included 
a  cavernous  hemangioma. 

Echography  showed  an  encapsulated  moderately 
echolucent  tumor  on  B-scan  with  irregular  low-to- 
medium  reflectivity  and  moderate  vascularity  on 
A-scan  (Fig.  1).  The  regular  "sawtooth"  pattern 
typical  of  cavernous  hemangioma  was  not  appre- 
ciated, so  the  ultrasound  findings  were  inconsis- 
tent with  this  diagnosis  and  more  typical  for  other 
well-circumscribed  lesions,  such  as  hemangioperi- 
cytoma, neurilemmoma  (Antoli  A-type  schwan- 
noma), neurofibroma,  or  histiocytoma. 

Because  of  the  malignant  potential  of  this  tumor, 
a  total  excision  of  the  lesion  was  performed  and 
pathology  confirmed  a  hemangiopericytoma.  The 
patient  was  followed  up  every  3  months  with  clini- 
cal examination  and  echography  for  the  first  year 
with  plans  to  increase  the  time  interval  to  every 
6  months,  the  second  year,  and  then  annually. 

Other  lesions  that  can  have  this  cavernous-like 
structure  on  A-scan  include  orbital  cavernous  hem- 
angioma, capillary  hemangioma,  and  very  rarely 
the  lymphoid  lesion  Castleman's  disease  (Fig.  2). 

Lesions  in  the  medial  orbit  such  as  frontal 
ethmoidal  mucoceles  tend  to  displace  the  globe 
laterally  as  they  grow.  A  mass  effect  is  created 


as  it  pushes  into  the  orbit  behind  a  very  thin 
layer  of  bone  on  the  surface.  Internally  a  mucous 
membrane-lined  cavity  filled  with  mucinous  mate- 
rial is  found. 


Fig.  1  Top:  A-scan  of  hemangiopericytoma  (vertical 
arrows).  Bottom:  B-scan  of  the  lesion  (arrow) 
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Case  Study  110.  Hemangiopericytoma 


Fig.  2  Top:  A-scan  of  orbital  Castleman's  disease 
{arrows).  Bottom:  microscopic  section  of  Castleman's 


Case  Study  111 

Mucocele 


GB  is  a  52-year-old  woman  with  a  history  of 
chronic  sinus  disease  who  visited  her  daughter 
whom  she  had  not  seen  for  almost  a  year  and  was 
noted  to  have  a  left  eye  that  "was  pushed  way  off  to 
the  left."  The  patient  had  not  been  aware  of  this  but 
did  notice  it  after  her  daughter's  comments.  She 
presented  to  an  ophthalmologist  who  measured  lat- 
eral displacement  of  the  left  eye  of  5  mm  compared 
to  the  right.  This  measurement  was  performed  by 
placing  one  end  of  a  millimeter  ruler  on  the  middle 
of  the  nose  on  the  same  horizontal  level  as  the  cen- 
ter of  the  pupil.  This  measurement  was  then 
repeated  for  the  opposite  eye.  The  patient  had  a  full 
range  of  motility  and  had  experienced  no 
diplopia. 

Echography  was  performed  and  revealed  an 
encapsulated  lesion  in  the  left  superior  nasal  orbit. 
B-scan  demonstrated  a  high-reflective  surface  sug- 
gestive of  calcification.  A- scan  showed  low  internal 
reflectivity.  The  probe  was  placed  on  the  inferotem- 
poral  globe  and  directed  to  the  11:00  orbit.  As  it 
was  angled  over  the  lesion,  a  high  spike  "jumped 
up"  and  then  disappeared  as  the  probe  was  angled  a 
little  further.  This  phenomenon  was  consistent  with 
a  bone  defect  in  the  lateral  wall  of  the  frontal  eth- 
moid sinus.  The  first  spike  was  reflected  from  the 
normal  medial  orbital  wall,  but  this  disappeared 
when  the  defect  was  encountered.  The  second  spike 
then  arose  as  a  reflection  of  the  sound  beam  from 
the  medial  wall  of  the  sinus  because  the  beam 
passed  into  the  sinus  without  hindrance.  As  the 
probe  was  angled  further,  the  sound  beam  once 
again  was  reflected  by  the  orbital  bone  that  bounded 
the  sinus  cavity  (Fig.  1).  These  findings  were  very 
consistent  with  a  mucocele  causing  a  bone  defect. 
Echo  spikes  were  also  detected  from  the  right 


ethmoid  sinus  cavity  and  both  maxillary  sinuses, 
consistent  with  chronic  sinusitis. 

A  CT  scan  confirmed  the  presence  of  a  large 
cystic  lesion  with  a  thin  bony  rim  as  it  extended 
into  the  orbit  (Fig.  2).  The  patient  was  referred 


Fig.  1  Top:  A-scan  of  orbital  portion  of  mucocele  {verti- 
cal arrows).  Bottom:  A-scan  of  extension  of  mucocele 
into  sinus  (vertical  arrows) 
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Case  Study  111.  Mucocele 


to  an  otolaryngologist  for  sinus  surgery  and 
removal  of  the  mucocele.  Surgery  was  per- 
formed in  conjunction  with  an  orbital  surgeon 
and  the  eye  soon  returned  to  its  normal 
position. 

Lid  swelling  and  displacement  of  the  globe 
may  include  symptoms  such  as  the  pain  of  acute 
sinusitis  or  a  more  indolent  pressure  pain  as 
occurs  in  chronic  sinus  disease.  The  paranasal 
sinuses  are  a  common  source  of  discomfort 
around  the  eyes.  Patients  often  describe  a  pres- 
sure sensation  that  is  made  worse  on  bending 
over.  There  is  frequently  a  history  of  previous 
sinus  disease,  but  paraocular  pain  may  be  the  first 
sign  of  sinus  infection. 


Fig.  2  Computed  tomography  scan  of  mucocele  (arrow) 


Case  Study  112 

Acute  Sinusitis 


QH  was  a  13-year-old  child  who  presented  to  her 
pediatrician  with  complaints  of  eye  pain.  He  did 
not  appreciate  any  abnormalities  of  her  eyes,  but 
there  was  mild  swelling  of  the  eyelids.  An  x-ray 
was  obtained  and  was  interpreted  as  normal.  She 
was  referred  to  an  ophthalmologist  for  a  consul- 
tation that  day.  The  globes  were  normal,  but 
A-scan  revealed  marked  signals  from  both  eth- 
moid sinuses  consistent  with  sinusitis  (Fig.  1). 
She  was  started  on  antibiotics  and  decongestants 
with  resolution  of  her  symptoms  over  several 
days. 

Downward  displacement  of  the  globe  is  seen 
with  lesions  such  as  lacrimal  gland  tumors. 
Traditional  teaching  has  been  that  50  %  of  lacrimal 
gland  lesions  are  nonepithelial,  such  as  lymphomas 
and  inflammatory  infiltrations.  The  other  50  %  are 
epithelial  tumors,  such  as  pleomorphic  adenomas 
(benign  mixed  tumors)  and  adenocystic  carcino- 
mas. This  concept  has  been  challenged  by  Goder 
[39],  who  found  that  inflammatory  and  lymphoid 


lesions  are  two  to  three  times  more  common  than 
epithelial  tumors. 

The  pleomorphic  adenoma  is  the  most  common 
"benign"  neoplasm  of  the  lacrimal  gland,  although 
this  lesion  has  malignant  potential  if  it  is  not  com- 
pletely excised.  These  tumors  usually  grow  slowly 
and  painlessly  with  proptosis  and  downward 
displacement  of  the  eye. 


Fig.  1  A-scan  of  ethmoid  sinus  signals  (vertical  arrows) 
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Case  Study  113 

Pleomorphic  Adenoma  of  Lacrimal  Gland 


HH  is  42-year-old  man  who  presented  with  the 
complaint  of  some  swelling  of  the  right  upper  eye- 
lid over  several  months.  Examination  by  an  oph- 
thalmologist found  vision  in  both  eyes  of  20/20  and 
mild  temporal  edema  of  the  right  upper  lid. 
Exophthalmometry  was  performed  with  the  OD 
measuring  21  mm  and  OS  19  mm.  There  was  also 
found  to  be  4  mm  of  inferior  displacement  of  the 
right  eye.  Palpation  of  the  orbit  found  a  firm  mass 
in  the  area  of  the  right  lacrimal  gland. 

Echography  demonstrated  an  encapsulated 
tumor  of  the  right  lacrimal  gland  on  B-scan  and 
medium  reflectivity  with  a  moderate  angle  kappa 
on  A-scan  (Fig.  1).  Minimal  spontaneous  vascular- 
ity was  noted.  The  differential  diagnosis  included  a 


pleomorphic  adenoma  and  a  cavernous  hemangi- 
oma, but  the  superotemporal  location  outside  of  the 
muscle  cone  was  most  consistent  with  a  tumor  of 
the  lacrimal  gland  with  the  echographic  features  of 
a  benign  mixed  tumor.  CT  scan  demonstrated  a 
mass  in  the  superotemporal  orbit  with  mild  mold- 
ing of  the  bone,  but  no  bone  destruction. 

The  patient  was  referred  to  an  orbital  surgeon  for 
an  en  bloc  excision  of  the  tumor.  Biopsy  was  not 
recommended  because  of  the  danger  of  violating 
the  capsule  with  potential  malignant  recurrence  of 
the  lesion. 

The  lacrimal  glands  can  be  a  source  of  globe  dis- 
placement and  lid  swelling  due  to  infection  or  non- 
specific inflammation. 


Fig.  1  Left.  A-scan  of  pleomorphic  adenoma  {vertical  arrows).  Right:  B-scan  of  lesion  (arrows) 
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Case  Study  1 14 

Dacryoadenitis 


BS  is  a  23-year-old  woman  who  complained  of 
moderately  severe  pain  around  her  left  eye  for 
2  days.  She  had  gone  to  a  local  emergency  room 
and  a  CT  scan  was  performed  with  no  apparent 
abnormalities.  She  was  sent  home  on  pain  pills  and 
told  to  follow  up  with  her  eye  doctor.  She  presented 
the  next  day  to  an  ophthalmologist  with  worsening 
of  the  pain.  Examination  found  vision  in  both  eyes 
of  20/25  and  a  normal  anterior  segment  by  slit- 
lamp  examination.  Subtle  s-shaped  swelling  of  the 
left  upper  lid  was  noted,  and  there  was  some  ten- 
derness to  palpation  in  the  superotemporal  orbit. 

Echography  was  performed,  and  the  right  lacri- 
mal gland  measured  1 1 .47  mm  and  the  left  measured 
13.4  mm  (Fig.  1).  A-scan  showed  medium-to-high 
reflectivity  bilaterally,  but  there  was  a  relatively 
low  area  centrally  in  the  left  gland.  The  diagnosis 
of  a  probable  dacryoadenitis  was  made,  and  she 
was  started  on  a  course  of  oral  antibiotics  with 
resolution  of  her  symptoms  in  a  few  days.  Repeat 
echography  in  3  weeks  demonstrated  left  lacrimal 
gland  thickness  of  12  mm. 

Orbital  pseudotumor,  including  that  involving 
the  lacrimal  gland,  is  rare  in  children.  Infectious  or 
idiopathic  dacryoadenitis  is  more  common  and  is 
usually  self-limited  with  mild  symptoms  of  tempo- 
ral upper  lid  swelling  and  tenderness.  Echography 
provides  a  rapid  and  cost-effective  method  to  evalu- 
ate the  lacrimal  gland  in  an  office  setting. 


Fig.  1  Top:  A-scan  of  lacrimal  pseudotumor  {vertical 
arrows).  Bottom:  normal  opposite  gland  {vertical  arrows) 
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Case  Study  115 

Chronic  Dacryoadenitis 


MS  is  a  4-year-old  child  with  a  history  of  progressive 
left  upper  lid  swelling  over  several  weeks.  Examination 
of  the  eyes  was  unremarkable  except  for  moderate 
nontender  edema  of  the  lid.  The  parents  stated  that  the 
child  had  not  complained  of  pain  in  that  area  at  any 
time.  A  CT  scan  showed  enlargement  of  the  left  lacri- 
mal gland  without  apparent  involvement  of  the  orbital 
bone.  The  differential  diagnosis  included  a  solid 
tumor  such  as  a  pleomorphic  adenoma,  lymphoma, 
and  pseudotumor.  An  oculoplastic  surgeon  was  con- 
sulted and  was  concerned  that  the  lack  of  pain  and 
tenderness  supported  a  solid  tumor  of  the  gland  as 
compared  to  an  inflammatory  process. 

Echography  revealed  an  enlarged  left  lacrimal 
gland  with  low-to-medium  and  relatively  regular 
internal  reflectivity  (Figs.  1  and  2).  The  findings 
were  most  consistent  with  an  inflammatory  process, 
such  as  pseudotumor,  with  malignant  conditions, 
such  as  lymphoma,  included  in  the  differential. 

The  surgeon  was  very  reluctant  to  perform  an 
excisional  biopsy  of  a  possible  pleomorphic  ade- 
noma because  of  the  risk  of  converting  the  lesion  to 
a  more  aggressive  malignancy,  but  largely  on  the 
basis  of  the  echographic  findings,  the  biopsy  was 
performed.  The  pathology  report  stated  that  the 
final  diagnosis  was  "chronic  or  smoldering  pseudo- 
tumor of  the  lacrimal  gland  (dacryoadenitis)." 

Globe  displacement  with  pain  secondary  to  a 
neoplastic  process  is  generally  an  ominous  symp- 
tom suggestive  of  perineural  infiltration  by  a  malig- 
nancy. Such  symptoms  may  be  associated  with 
adenocystic  carcinoma.  It  is  the  most  common 
malignant  tumor  of  the  lacrimal  gland,  and  pain 
occurs  in  up  to  80  %  of  these  patients. 


Fig.  1  A- scan  of  lacrimal  gland  (arrows) 


Fig.  2  B-scan  of  gland  (arrows) 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_115,  ©  Springer  Science+Business  Media  New  York  2014 


271 


Case  Study  116 

Adenocystic  Carcinoma 
of  the  Lacrimal  Gland 


SC  is  a  27-year-old  man  who  presented  with 
complaints  of  an  intermittent  boring  pain  for  sev- 
eral months  around  his  left  eye.  Examination 
revealed  fullness  in  the  superotemporal  orbit  and 
some  tenderness  to  palpation.  Otherwise,  the  exam- 
ination was  unremarkable.  A  plain  film  x-ray  was 
obtained  and  showed  some  evidence  of  erosion  of 
the  bone  on  that  side.  CT  was  performed  and  dem- 
onstrated a  lacrimal  mass  with  bone  invasion. 
Echography  was  performed,  and  A- scan  showed 
irregular  internal  reflectivity  with  a  central  low  area 
(Fig.  1).  Mild  spontaneous  vascularity  was  detected. 
The  findings  were  consistent  with  a  lacrimal  gland 
malignancy  with  the  differential  diagnosis  includ- 
ing adenocystic  carcinoma.  This  was  later  con- 
firmed on  biopsy,  and  orbital  exenteration  was 
advised. 

Another  cause  of  globe  malposition  and  lid 
swelling  with  orbital  pain  is  orbital  pseudotumor. 
Various  series  report  the  incidence  of  this  inflamma- 
tion to  occur  in  5-7  %  of  orbital  disease  processes 
[40] .  Modern  imaging  techniques  have  allowed  the 
subcategorization  of  orbital  pseudotumor  into  the 


inflammation  of  specific  orbital  structures,  such  as 
the  extraocular  muscles.  Acute  pain  made  worse 
by  moving  the  eye  is  suggestive  of  inflammatory 
myositis. 

Orbital  pseudotumor  can  sometimes  present 
without  significant  pain,  and  the  reflectivity  pattern 
on  A-scan  can  be  helpful  in  the  diagnosis. 


Fig.  1  A-scan  of  adenocystic  carcinoma  of  lacrimal 
gland  (vertical  arrows) 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_116,  ©  Springer  Science+Business  Media  New  York  2014 


273 


Case  Study  117 

Pseudotumor 


A  A  is  a  36-year-old  woman  who  presented  with 
bulging  of  her  right  eye  over  several  weeks.  She 
denied  pain  or  double  vision.  Examination  found 
exophthalmometry  measurements  of  21  mm  OD 
and  16  mm  OS.  A  CT  scan  showed  a  probable  mass 
lesion,  and  an  excisional  biopsy  was  scheduled.  An 
ultrasound  consultation  was  ordered,  and  the  find- 
ings were  reported  as  most  consistent  with  orbital 
pseudotumor  based  on  low  internal  reflectivity 
(Fig.  1).  The  lesion  did  not  have  the  molding  effect 
commonly  seen  with  orbital  lymphoma.  The  patient 


was  started  on  high-dose  oral  steroids  based  on  this 
report  and  was  reexamined  the  day  before  surgery. 
The  lesion  could  not  be  detected  at  that  time,  and 
this  supported  the  diagnosis  of  pseudotumor. 

Various  series  report  the  incidence  of  orbital 
pseudotumor  to  occur  in  5-7  %  of  orbital  disease 
processes  [39].  The  general  category  of  orbital 
pseudotumor  is  more  specifically  defined  by  the 
orbital  structure  involved.  The  extraocular  muscles 
are  not  commonly  involved  by  the  idiopathic 
inflammatory  process  defined  as  myositis. 
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Case  Study  118 

Orbital  Myositis 


AC  was  a  21 -year-old  woman  who  lived  in  the 
Amana  colonies  in  Iowa.  She  presented  to  the  emer- 
gency room  with  the  complaint  of  severe  pain  in 
her  left  eye  starting  the  previous  day.  She  stated  that 
it  was  made  worse  on  looking  to  the  left  and  she 
also  experienced  double  vision  when  she  did  this. 
Examination  showed  normal  vision  in  both  eyes 
with  some  swelling  of  the  left  eyelids  with  mild 


Fig.  1  Restricted  adduction  of  the  left  eye 


proptosis.  The  nasal  conjunctiva  showed  moderate 
injection,  especially  over  the  insertion  of  the  medial 
rectus  muscle  (Fig.  1). 

Only  first-generation  CT  scans  were  available  at 
that  time,  and  the  patient  was  scanned  with  that 
modality.  The  radiologist  reported  "nonspecific  left 
orbital  fullness."  She  was  referred  to  the  eye  depart- 
ment for  echographic  evaluation.  The  right  orbit 
was  normal,  and  the  left  orbit  revealed  thickening 
of  the  medial  rectus  muscle  and  tendon  on  B-scan 
and  low  internal  reflectivity  on  A- scan  (Fig.  2). 

The  diagnosis  of  medial  rectus  myositis  was  made, 
and  she  was  started  on  high-dose  prednisone  with 
rapid  improvement  in  her  symptoms  over  several 
days.  A  complete  systemic  workup  was  performed  to 
rule  out  an  inflammatory  process,  such  as  collagen 
vascular  disease,  but  all  of  the  tests  were  normal. 

Subtle  displacement  of  the  globe  can  be  missed 
in  the  early  stages  even  by  experienced  observers. 


Fig.  2  Left.  A- scan  of  thickened  extraocular  muscle  {vertical  arrows).  Right.  B-scan  of  muscle  tendon  (small  arrow) 
and  muscle  belly  (large  arrow) 
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Case  Study  119 

Sinus  Squamous  Cell  Carcinoma 


EW  was  a  62-year-old  engineer  who  noted  diffi- 
culty in  closing  his  left  eye  starting  4  months  prior 
to  presentation.  Numerous  specialists,  including  a 
neurologist,  for  the  evaluation  of  an  atypical  Bell's 
palsy,  had  seen  him.  He  had  undergone  three  MRI 
scans,  two  CT  scans,  two  lumbar  punctures,  and 
numerous  blood  tests,  including  serology,  to  rule 
out  Lyme  disease.  He  had  recently  noted  a  further 
reduction  of  vision  in  his  left  eye  and  had  consulted 
with  his  local  ophthalmologist,  who  diagnosed  an 
inferior  retinal  detachment  and  referred  him  to  a 
retinal  specialist  for  surgery.  The  retinologist  did 
not  feel  the  retina  was  detached  but  suspected  a 
choroidal  detachment  and  referred  him  for 
echography. 

Examination  prior  to  the  ultrasound  found 
moderate  lagophthalmos  of  the  left  eye  and  2  mm 
of  superior  displacement  of  the  globe.  B-scan 
showed  a  24  mm  orbital  mass  indenting  the  eye 
inferiorly.  A-scan  revealed  a  very  low-reflective 
orbital  lesion  with  a  bone  defect  in  the  orbital 
floor  with  a  maxillary  sinus  component  to  the 
lesion  (Fig.  1).  Because  of  these  findings,  the 
patient  was  asked  about  any  skin  lesions,  and  he 
pointed  out  a  lesion  under  his  moustache  that  had 
lately  been  growing. 

The  echographic  findings  were  suspicious  for 
either  a  primary  sinus  carcinoma  invading  the  orbit 
or  a  perineural  spread  of  a  squamous  cell  carci- 
noma of  the  skin.  The  diagnosis  of  squamous  cell 
was  confirmed  on  orbital  biopsy. 

Another  symptom  of  orbital  disease  associated 
with  globe  displacement  is  diplopia.  The  workup  of 
this  symptom  starts  with  evaluation  of  the  extraocu- 
lar musculature  and  proceeds  intracranially  if  a 
more  proximate  cause  is  not  found. 


Most  causes  of  diplopia  originating  in  the  orbit 
result  from  mechanical  difficulties  with  the  extra- 
ocular muscles,  such  as  infiltration,  compression, 


Fig.  1  Top:  B-scan  of  orbital  lesion  compressing  globe 
{arrow).  Bottom:  A-scan  of  orbital  component  {small 
arrows)  and  sinus  component  (between  second  and  third 
arrows) 
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Case  Study  119.  Sinus  Squamous  Cell  Carcinoma 


or  entrapment.  The  most  common  entity  causing 
muscle  dysfunction  in  the  orbit  is  Graves'  disease. 
Initially  the  muscles  may  show  inflammatory 
changes  and  later  can  become  fibrotic  and  noncon- 
tractile.  They  may  not  appear  enlarged  on  imaging 
studies  at  this  stage. 

According  to  Gorman  [41],  the  pathophysiol- 
ogy of  Graves'  disease  involves  muscle  swelling 
caused  by  the  accumulation  of  inflammatory  cells 
and  water-binding  glycosaminoglycans  (GAGs) 


followed  by  subsequent  muscle  fibrosis.  It  is 
believed  be  an  autoimmune  disease  where  CD4  T 
lymphocytes  become  sensitized  to  an  antigen 
common  to  thyroid  and  orbital  tissue  [42].  The 
most  common  antibody  in  Graves'  patients  binds 
with  the  thyrotropin  receptor  (TSH-R).  There  are 
two  distinct  subtypes  of  thyroid  orbitopathy:  con- 
gestive with  retrobulbar  deposits  of  GAGs  and 
myopathic  with  impaired  extraocular  muscle 
function. 


Case  Study  120 

Graves'  Disease 


JN  is  a  16-year-old  boy  who  presented  with  double 
vision  on  looking  to  the  right  for  several  weeks. 
Examination  found  vision  in  both  eyes  of  20/20  and 
mild  proptosis  of  the  left  eye  compared  to  the  right. 
There  was  mild  lid  lag  of  the  left  eyelid.  He  was 
found  to  have  15  prism  diopters  of  exotropia  on 
right  gaze.  Forced  duction  testing  was  positive  for 
restriction  of  adduction  on  the  right.  He  had  no  his- 
tory of  diabetes  or  thyroid  abnormalities. 

Echography  was  performed  and  demonstrated 
thickening  of  the  left  lateral  rectus  muscle,  which 
measured  5.2  mm  compared  to  3.8  mm  for  the  right 
lateral  rectus.  A-scan  demonstrated  irregular  inter- 
nal reflectivity  (Fig.  1).  Thyroid  function  testing 
was  normal,  and  the  clinical  findings  were  atypical 
for  Graves'  disease  with  abnormality  of  only  the 
lateral  rectus  muscle. 

Because  he  was  orthotopic  in  primary  gaze,  it 
was  elected  to  observe  him  and  repeat  an  examina- 
tion in  3  months.  At  that  time,  his  clinical  findings 
were  unchanged,  but  repeat  echography  showed 
thickening  of  several  other  extraocular  muscles 


Fig.  1  A-scan  of  lateral  rectus  muscle  in  Graves'  disease 
(vertical  arrows) 

bilaterally,  which  supported  the  diagnosis  of 
Graves'  disease. 

Other  infiltrative  processes  of  the  extraocular 
muscles  include  malignant  processes  such  as  lym- 
phoma and  metastatic  tumor. 
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Part  V 

Bulgy  Eyes 


Echography  is  a  valuable  diagnostic  technique  for 
the  evaluation  of  orbital  pathology.  The  incredible 
advances  in  computerized  imaging  capability  with 
computed  tomography  (CT),  magnetic  resonance 
imaging  (MRI),  and  positron  emission  tomography 
(PET)  scanning  have  seemingly  supplanted  the  role 
of  ultrasound  in  orbital  diagnosis,  but  this  modality 
has  much  to  offer.  B-scan  still  occupies  an  impor- 
tant niche  especially  in  the  anterior  half  of  the  orbit, 
but  A- scan  brings  a  unique  capability  to  the  orbit  by 
providing  quantitative  data  for  the  evaluation  of 
orbital  lesions.  The  ability  to  accurately  measure 
structures,  such  as  the  optic  nerves,  extraocular 
muscles,  and  lacrimal  glands,  in  conjunction  with 
tissue  pattern  analysis  of  tumors  and  other  lesions 


complements  the  morphological  analysis  provided 
by  the  other  imaging  modalities. 

Orbital  diagnosis  requires  a  systematic  and  method- 
ical approach  including  a  careful  history,  physical 
examination,  and  the  judicious  and  cost-effective  use 
of  imaging  technology.  A  common  presentation  of 
many  kinds  of  orbital  pathology  is  proptosis.  This 
term  is  usually  applied  to  space-occupying  lesions, 
whereas  exophthalmos  generally  applies  to  the  protru- 
sion of  the  eyes  seen  in  Graves'  orbitopathy. 

Patients  with  prominent  eyes  are  encountered 
commonly  in  general  ophthalmic  practice.  The 
patient  herself  or  a  family  member  may  have  noticed 
the  change  in  eye  position,  or  the  practitioner  may 
be  the  first  to  bring  it  to  the  attention  of  the  patient. 
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Case  Study  121 

Metastasis  to  Extraocular  Muscle 


KB  was  a  54-year-old  woman  who  presented  to  her 
ophthalmologist  with  a  history  of  increasing  diplo- 
pia over  several  months.  Examination  found  pro- 
ptosis  of  her  right  eye  of  4  mm  compared  to  her  left. 
She  had  2  mm  of  left  upper  lid  ptosis.  Her  driver's 
license  photo  taken  3  years  previously  did  not  show 
these  changes.  CT  scan  showed  marked  enlarge- 
ment of  several  extraocular  muscles. 

Echography  was  performed  and  demonstrated 
thickening  of  the  right  superior  rectus  (9.3  mm)  and 
the  right  medial  rectus  (8.4  mm)  and  borderline 
thickening  of  the  left  superior  rectus  (5.8  mm)  and 
the  left  lateral  rectus  (4.5  mm).  However,  reflectiv- 
ity on  A- scan  was  low  to  medium  and  regular  in  the 
right  superior  and  medial  recti  (Fig.  1). 

The  finding  of  low  internal  reflectivity  in  a  mark- 
edly thickened  extraocular  muscle  in  conjunction 
with  minimal  pain  was  not  typical  for  Graves' 
disease,  so  a  biopsy  of  the  right  superior  rectus  was 
performed.  The  pathological  diagnosis  was  consis- 
tent with  malignancy  probably  due  to  metastasis. 
Systemic  evaluation  found  an  infiltrative  ductal 
carcinoma  of  the  left  breast. 


Other  malignant  processes,  such  as  lymphoma, 
can  sometimes  invade  the  extraocular  muscles  as 
part  of  systemic  disease,  but  in  some  cases,  it  acts 
as  a  local  process  confined  to  the  orbit. 


Fig.  1  A- scan  of  markedly  thickened  muscle  in  meta- 
static cancer  (vertical  arrows) 
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Case  Study  122 

Lymphoma  of  Extraocular  Muscle 


AG  is  an  81 -year-old  woman  with  a  3-month 
history  of  double  vision  on  looking  to  the  left.  She 
reported  minimal  discomfort  when  she  moved  the 
eye  horizontally.  Examination  found  mildly 
reduced  abduction  of  the  left  eye  and  focal  injec- 
tion at  the  insertion  of  the  left  lateral  rectus  tendon. 
The  remainder  of  the  ocular  examination  was  unre- 
markable except  for  cataract  formation  consistent 
with  her  age. 

Echography  was  performed  and  demonstrated 
thickening  of  the  left  lateral  rectus  muscle  measur- 
ing 5.4  mm  with  low  reflectivity  on  A-scan  (Fig.  1). 
The  tendon  was  not  abnormally  thickened.  The  dif- 
ferential diagnosis  included  an  infiltrative  process 
by  inflammatory  or  malignant  cells. 

A  systemic  evaluation  by  her  primary  care  physi- 
cian was  unremarkable.  A  conjunctival  biopsy  per- 
formed at  the  lateral  rectus  tendon  was  positive  for 
B-cell  lymphoma.  She  was  treated  with  local  radia- 
tion to  the  orbit  and  followed  closely  by  an  oncolo- 
gist for  the  development  of  any  systemic  signs  of 
lymphoma. 

The  incidence  of  relapse  at  a  distant  site  in  the 
body  is  20-25  %  for  low-grade  lymphoma  of  the 
ocular  adnexae  and  40-60  %  for  higher  grades  [43]. 
The  probability  of  systemic  lymphoma  is  relatively 
low  when  it  is  confined  to  the  conjunctiva  and 
increases  when  the  eyelids  are  involved.  According 
to  Coupland  et  al.,  lymphomas  of  the  ocular  adnexa 
represent  about  8  %  of  all  extranodal  lymphomas 
[44].  The  incidence  of  systemic  involvement  sum- 
marized from  several  series  is  35  %  for  lymphoma 
of  the  orbit,  20  %  for  that  of  the  conjunctiva,  and 
67  %  for  lymphoma  of  the  eyelid.  Lymphoma 
occurs  systemically  in  35  %  of  cases  where  there  is 
bilateral  orbital  involvement. 


Orbital  biopsy  of  lymphoid  lesions  may  be  read 
by  the  pathologist  as  "lymphoid  hyperplasia"  or 
"atypical  lymphoid  hyperplasia,"  which  is  catego- 
rized as  a  benign  process.  This  low-grade  lesion  is 
at  one  end  of  a  spectrum  with  highly  aggressive 
monoclonal  lymphoma  at  the  other  end.  However, 
the  incidence  of  eventual  systemic  involvement  is 
reported  to  be  25-30  %  for  these  "benign"  lesions 
[45].  The  probability  of  systemic  occurrence  by 
lesions  classified  as  reactive  lymphoid  hyperplasia 
is  a  function  of  the  monoclonality  of  the  B  cells. 

Diplopia  and  proptosis  can  be  due  to  vascular 
congestion  that  can  cause  extraocular  muscle  thicken- 
ing and  dysfunction  simulating  Graves'  disease.  A 
high-flow  arteriovenous  fistula  is  usually  readily  diag- 
nosable  by  its  rapid  onset  with  pulsating  exophthal- 
mos, an  audible  bruit,  and  a  red  eye  with  arterialization 
of  the  conjunctival  and  episcleral  veins.  They  are  often 
related  to  traumatic  head  injury  and  are  responsible 
for  about  75  %  of  high-flow  carotid  cavernous  fistulas. 


Fig.  1  A-scan  of  lymphoma  of  extraocular  muscle  (verti- 
cal arrows) 
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Case  Study  123 

Superior  Ophthalmic  Vein 
in  Carotid  Cavernous  Fistula 


AM  is  a  52-year-old  man  who  was  knocked  to  the 
ground  by  falling  canisters  and  bumped  the  back  of 
his  head  on  the  cement  floor.  He  did  not  recall  losing 
consciousness  and  was  cleared  by  the  emergency 
room  to  return  to  work  the  next  day.  He  was  asymp- 
tomatic for  a  few  months  but  then  began  to  experi- 
ence severe  headaches.  He  was  diagnosed  with 
migraines  and  treated  with  beta  blockers  with  partial 
relief.  In  the  following  year,  he  began  to  see  double 
and  was  seen  by  an  ophthalmologist,  who  prescribed 
prisms  in  his  glasses  that  allowed  him  to  see  without 
diplopia  in  primary  gaze.  During  this  time,  he  also 
noted  that  his  right  eye  was  red  much  of  the  time.  He 
did  not  appreciate  any  unusual  noises  in  his  head. 

He  returned  to  his  ophthalmologist,  who  sus- 
pected the  patient  had  Graves'  disease  and  ordered 
a  thyroid  workup  and  referred  him  for  echography. 
A-scan  revealed  diffuse  thickening  of  most  of  his 


Fig.  1  B-scan  of  dilated  superior  ophthalmic  vein  in 
carotid  cavernous  fistula  (arrow) 


extraocular  muscles  with  heterogeneous  reflectivity 
consistent  with  Graves'  orbitopathy.  However, 
B-scan  demonstrated  a  markedly  dilated  right  supe- 
rior ophthalmic  vein  with  spontaneous  vascularity 
(Fig.  1).  This  finding  was  confirmed  with  orbital 
color  Doppler  that  demonstrated  reversal  of  flow 
with  arterialization  of  the  vein  with  a  flow  velocity 
of  13.68  cm/s  on  the  pulse  tracing  (Fig.  2).  The 
other  orbit  appeared  normal. 


Fig.  2  Color  Doppler  of  superior  ophthalmic  vein  (bot- 
tom arrow)  and  globe  (arrow) 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_123,  ©  Springer  Science+Business  Media  New  York  2014 


287 


288 


Case  Study  123.  Superior  Ophthalmic  Vein  in  Carotid  Cavernous  Fistula 


A  stethoscope  was  applied  to  the  eye  through 
closed  lids,  and  a  faint  bruit  could  be  heard.  Blood 
was  noted  in  Schlemm's  canal  on  gonioscopy,  and 
the  intraocular  pressure  was  20  mm  OD  and  15  mm 
OS.  He  was  referred  for  angiography  with  the  plan 


to  close  the  fistula  by  the  injection  of  embolic  mate- 
rial through  the  catheter. 

Dural  sinus  fistulas  are  generally  subtler  and  may 
occur  spontaneously  in  middle-aged  women. 


Case  Study  124 

Superior  Ophthalmic  Vein  in  Dural 
Sinus  Fistula 


SJ  is  a  58-year-old  woman  who  presented  with 
intermittent  diplopia  over  several  months.  She 
also  mentioned  that  her  eyes  were  always  red  with 
a  mild  aching  sensation.  She  denied  hearing  her 
"pulse"  at  night  while  lying  in  bed.  There  was  no 
history  of  trauma  to  her  head.  She  had  undergone 
radioactive  iodine  therapy  for  hyperthyroidism  10 
years  previously,  and  her  thyroid  levels  were  main- 
tained at  normal  levels  by  medication.  Examination 
found  vision  in  both  eyes  of  20/25  and  intraocular 
pressures  of  23  mm  OD  and  24  mm  OS.  Slit-lamp 
examination  showed  tortuous  dilation  of  conjuncti- 
val vessels  bilaterally  (Fig.  1).  A  stethoscope  was 
applied  to  both  globes  through  closed  eyelids,  and 
no  bruit  was  appreciated. 

Echography  revealed  diffuse  thickening  of  her 
extraocular  muscles  bilaterally  with  irregular 
reflectivity  on  A- scan  (Fig.  2). 

Dilation  of  the  superior  ophthalmic  veins  bilater- 
ally was  detected.  Orbital  color  Doppler  imaging 
substantiated  venous  dilation  and  showed  reversal 
of  flow  with  low-flow  arterial  pulse  waves  of  3  cm/s 
in  the  superior  ophthalmic  veins  (Fig.  3). 

Because  of  the  elevated  intraocular  pressure  and 
diplopia,  the  patient  was  advised  not  to  wait  for 
spontaneous  closure  of  the  fistula  but  to  proceed 
with  angiography.  The  diagnosis  of  a  dural  sinus 
fistula  was  confirmed,  and  embolic  material  was 
injected  through  the  catheter  to  close  the  fistula 
with  resolution  of  her  diplopia  and  reduction  of  her 


intraocular  pressure  to  under  20  in  both  eyes. 
Low-flow  dural  sinus  fistulas  may  close  spontane- 
ously without  intervention. 

Another  symptom  of  orbital  pathology  in  asso- 
ciation with  proptosis  is  reduction  of  visual  acuity 
due  to  lesions  that  directly  involve  the  optic  nerve, 
such  as  glioma,  or  invade  the  optic  nerve  sheaths,  as 
with  meningioma. 


Fig.  1  Eye  of  patient  with  dural  sinus  fistula  with 
arterialized  conjunctival  vessels 
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Case  Study  124.  Superior  Ophthalmic  Vein  in  Dural  Sinus  Fistula 


Fig.  3  Color  Doppler  of  dilated  superior  ophthalmic  vein 
in  low-flow  fistula  (lower  arrow)  and  globe  (upper 
arrow) 


Case  Study  125 

Optic  Nerve  Sheath  Meningioma 
During  Pregnancy 


SB  is  a  40-year-old  woman  who  noted  some  reduction 
in  vision  in  her  left  eye  during  pregnancy.  Examination 
was  performed  and  found  visual  acuity  OD  of  20/20 
and  OS  of  20/40-1.  A  1+  afferent  pupil  defect  was 
present  in  the  left  eye,  and  Hertel  exophthalmometry 
showed  2  mm  of  proptosis  on  that  side.  Fundus 
examination  on  the  left  found  slight  pallor  of  the 
optic  disc  with  a  possible  retinochoroidal  "shunt" 
vessel  at  the  inferior  margin.  It  was  considered  inad- 
visable to  do  CT  scanning,  with  its  attendant  radia- 
tion exposure,  during  her  pregnancy.  She  was  given 
the  option  for  an  MRI  scan  but  did  not  want  to  risk  the 
unknown  effects  of  a  strong  magnetic  field  on  her 
developing  fetus  and  was  referred  for  echography. 

B-scan  showed  a  possible  widening  of  the  optic 
nerve  shadow,  but  this  was  not  definitive. 
Calcification  of  the  left  nerve  sheath  could  not  be 
detected.  A-scan  measured  optic  nerve  thickness  on 
the  right  of  2.51  mm  and  on  the  left  of  7.40  mm 
with  widening  of  the  optic  nerve  sheaths  and  a  nor- 
mal optic  nerve  parenchyma  width  (Fig.  1).  The 
30°  test  was  negative  for  increased  optic  nerve 
sheath  fluid,  so  the  differential  diagnosis  included  a 
solid  lesion  of  the  nerve,  such  as  meningioma,  gli- 
oma, lymphoma,  and  metastatic  tumor. 

Her  age  at  presentation  and  the  appearance  of  the 
optic  disc  were  most  consistent  with  meningioma. 
It  was  elected  to  observe  her  without  treatment  and 
reevaluate  after  she  delivered  the  baby.  A  CT  scan 
was  performed  at  that  point  and  showed  calcifica- 
tion of  the  optic  nerve  sheath  that  was  highly  con- 
sistent with  nerve  sheath  meningioma. 

Her  vision  was  stable  at  20/40,  and  there  was  no 
evidence  of  posterior  extension  intracranially,  so  no 
treatment  was  offered,  but  radiation  was  planned  in 
the  future  if  the  vision  decreased. 


Optic  nerve  sheath  meningiomas  are  generally 
slow-growing  tumors  and  can  be  observed  unless 
the  vision  progressively  deteriorates.  Nerve 
sheath  biopsy  to  confirm  the  diagnosis  is  hazard- 
ous and  often  results  in  profound  loss  of  vision. 
Echography  provides  a  cost-effective  and  safe 
technique  to  correlate  the  clinical  findings  with 
growth  of  the  tumor. 


Fig.  1  Top:  A-scan  of  optic  nerve  sheath  meningioma 
(vertical  arrows).  Bottom:  normal  contralateral  optic 
nerve  (vertical  arrows) 
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Case  Study  126 

Optic  Nerve  Sheath  Meningioma 


VA  is  a  7 5 -year-old  woman  who  noted  some  blur- 
ring of  her  right  eye  over  several  months. 
Examination  found  vision  OD  of  20/50  and  OS  of 
20/25.  She  had  a  2+  afferent  pupil  defect  in  her 
right  eye  and  2  mm  of  proptosis.  Fundus  exam 
found  slight  pallor  of  the  right  optic  disc. 

Echography  showed  thickening  of  the  right  optic 
nerve  sheath  with  a  sheath-to-sheath  diameter  of 
7.7  mm  (Fig.  1)  compared  to  3.2  mm  for  her  left 
nerve.  The  findings  were  consistent  with  an  optic 
nerve  sheath  meningioma  and  were  confirmed  on  CT 
scan  with  calcification  of  the  nerve  sheath  (Fig.  2). 

She  was  followed  up  with  every  3  months  with- 
out treatment  but  was  noted  after  12  months  to  have 
reduction  of  vision  to  20/70  on  the  right.  Echography 
demonstrated  further  thickening  of  the  sheath  to 
7.6  mm.  She  was  referred  for  stereotactic  radiation 
therapy  with  improvement  in  visual  acuity  to  20/30. 


Fig.  1  A- scan  of  optic  nerve  sheath  meningioma  (verti- 
cal arrows) 


A-  or  B-scan  is  not  reliable  in  demonstrating 
calcification  of  the  optic  nerve  sheaths  in  the  orbit 
because  of  the  high  reflectivity  of  adjacent  orbital 
tissue.  This  is  not  the  case  in  the  globe,  where  the 
high  reflectivity  of  calcified  lesions  stands  out  in 
distinct  relief  against  the  low-reflective  vitreous  gel. 
MRI  scans  are  also  not  helpful  in  detecting  sheath 
calcification.  The  imaging  technique  of  choice  to 
display  orbital  calcification  is  CT  scanning. 

An  uncommon  process  that  involves  the  nerve 
sheaths  is  an  idiopathic  process  referred  to  in  the  lit- 
erature by  various  names,  such  as  perioptic  hygroma, 
optic  hydrops,  or  meningocele  [46].  In  this  condition, 
there  is  increased  cerebrospinal  fluid  in  the  intra- 
sheath  space  of  unknown  etiology.  These  patients 
may  present  with  symptoms  of  reduced  vision  and 
can  have  fundus  findings  including  atrophy  of  the 
optic  disc,  disc  swelling,  and  choroidal  folds. 


Fig.  2  Computed  tomography  scan  of  optic  nerve  sheath 
meningioma  (arrow) 
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Case  Study  127 

Optic  Nerve  Sheath  Hygroma 


HH  is  a  9-year-old  child  who  failed  his  vision  test 
in  school.  He  had  first  noted  problems  the  previous 
summer  that  he  characterized  as  difficulty  in  seeing 
in  dim  light.  His  parents  took  him  to  an  optometrist 
who  documented  vision  in  the  right  eye  of  20/25 
and  the  left  of  20/20.  Cycloplegic  refraction  was 
+1.00  OD  and  +0.50  OS.  The  fundus  exam  showed 
mild  choroidal  folds  on  the  right,  while  the  optic 
discs  had  a  normal  appearance.  Exophthalmometry 
measured  1 8  mm  bilaterally. 

Echography  showed  bilateral  increased  optic 
nerve  sheath  diameter  with  a  slightly  widened 
subarachnoid  space  on  A-scan.  B-scan  demon- 
strated patulous  retrobulbar  optic  nerve  sheaths 
(Fig.  1). 

A  CT  scan  was  performed  and  showed  dilatation 
of  the  optic  nerve  sheaths.  A  spinal  tap  was  per- 
formed and  showed  normal  opening  pressure.  The 
diagnosis  of  optic  nerve  sheath  meningocele  was 
made,  and  it  was  elected  to  follow  the  child  with 
biannual  eye  exams  and  echography.  His  vision 
and  optic  nerve  sheath  diameter  were  unchanged 
over  5  years. 

Choroidal  folds  are  a  variable  finding  in  this  con- 
dition. They  are  possibly  due  to  a  masslike  effect  of 
the  increased  nerve  sheath  fluid  pushing  on  the  pos- 
terior globe.  However,  choroidal  folds  are  not  gen- 
erally found  in  other  cases  of  excess  sheath  fluid, 
such  as  the  papilledema  associated  with  pseudotu- 
mor cerebri.  Their  presence  on  fundus  examination 
should  always  prompt  an  investigation  of  the  orbit 
to  eliminate  a  mass  lesion.  This  can  easily  be 


accomplished  in  the  office  as  part  of  the  initial 
examination. 


Fig.  1  Top:  A-scan  of  optic  nerve  sheath  hygroma  (verti- 
cal arrows).  Bottom:  B-scan  of  dilated  optic  nerve 
(arrow) 
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Case  Study  128 

Orbital  Hematic  Cyst 


JJ  is  a  26-year-old  man  who  complained  of  reduced 
vision  in  his  left  eye  over  several  weeks.  Examination 
by  his  ophthalmologist  found  uncorrected  vision 
OD  of  20/20  and  OS  of  20/60,  but  this  eye  could  be 
refracted  to  20/20  with  a  +2.50  lens.  Hertel  exoph- 
thalmometry  showed  2  mm  of  proptosis  OS.  Fundus 
examination  found  choroidal  folds  in  this  eye. 

Echography  was  performed  at  this  time  and 
showed  a  low-reflective  well-outlined  lesion  in  the 
retrobulbar  space  (Fig.  1).  The  differential  diagno- 
sis included  cystic  lesions,  such  as  a  hematic  cyst, 
dermoid,  or  lymphangioma.  The  patient  gave  no 
history  of  trauma.  He  opted  for  surgical  removal  of 
the  lesion,  and  a  cystic  structure  was  found  with 


blood  breakdown  products  consistent  with  a 
hematic  cyst.  The  patient  experienced  a  complete 
resolution  of  his  symptoms  after  surgery. 

Hematic  cysts  are  rare  orbital  lesions  that  are 
most  often  subperiosteal  and  may  or  may  not  be 
related  to  trauma  [47].  A  fibrous  capsule  surrounds 
an  area  of  inflammatory  reaction  to  blood  or  blood 
breakdown  products,  such  as  hemosiderin. 

Mass  lesions  in  the  orbit  that  are  separate  from 
the  optic  nerve  can  cause  reduced  vision  by  direct 
compression  of  the  optic  nerve.  This  is  more  com- 
mon with  slowly  growing  tumors  that  enlarge  over 
time  to  the  degree  that  they  can  press  on  the  nerve 
with  varying  degrees  of  proptosis. 


Fig.  1  Left:  B-scan  of  hematic  cyst  {arrow).  Right:  A-scan  of  lesion  (first  two  arrows).  Multiple  signal  (third  arrow) 
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Case  Study  1 29 

Cavernous  Hemangioma 


BC  is  a  10-year-old  boy  who  failed  his  vision  test  in 
school  and  was  referred  to  an  optical  shop  to  be  fit- 
ted for  glasses.  The  optometrist  found  visual  acuity 
OD  of  20/20  and  OS  of  20/40+2.  Fundus  examina- 
tion revealed  some  swelling  of  the  left  optic  disc,  so 
he  was  then  referred  to  an  ophthalmologist.  Optic 
disc  edema  was  confirmed,  and  the  presence  of 
choroidal  folds  was  also  noted.  Exophthalmometry 
measured  15  mm  OD  and  18  mm  OS. 

Echography  was  performed,  and  B-scan  revealed 
a  round,  well-outlined  lesion  in  the  muscle  cone 
with  some  indentation  of  the  posterior  sclera.  A-scan 
measured  the  lesion  to  be  9.92  mm  in  greatest  diam- 
eter with  medium  internal  reflectivity  with  a  cavern- 
ous pattern.  There  was  a  moderate  angle  kappa 
(Fig.  1).  Spontaneous  vascularity  was  not  detected. 
The  lesion  decreased  in  diameter  by  2  mm  with  mild 
sustained  pressure  of  the  probe  against  the  globe  for 
2  min  through  closed  lids.  These  findings  were 
highly  characteristic  of  a  cavernous  hemangioma. 

Computed  tomography  scan  confirmed  a  round, 
well-outlined  lesion  in  the  muscle  cone  consistent 
with  a  hemangioma.  He  was  referred  to  an  orbital 
surgeon  who  completely  removed  the  lesion  with 
the  aid  of  a  cryoprobe.  Follow-up  examination 
found  a  reduction  in  the  optic  disc  edema  and 
improvement  in  visual  acuity  to  20/25+2. 

The  A-scan  reflectivity  of  a  cavernous  heman- 
gioma is  based  on  the  tissue  architecture.  The  rela- 
tively large  blood-filled  cystic  spaces  provide  a 


Fig.  1  Top:  A-scan  of  cavernous  hemangioma  with  angle 
kappa  {arrows)  (I).  Bottom:  B-scan  of  lesion  {arrow) 

homogenous  medium  for  the  sound  beam  to  tra- 
verse, so  the  height  of  the  echo  spikes  begins  to 
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Fig.  2  Microscopic  anatomy  of  cavernous  hemangioma 

drop  towards  baseline.  However,  the  sound  beam 
then  encounters  a  septum  and  becomes  high  due  to 
the  interface  reflection.  This  pattern  is  repeated  as 
it  travels  through  the  lesion  and  gives  a  character- 
istic 'sawtooth'  or  'honeycomb'  pattern  sometimes 
referred  to  as  'cavernous',  as  correlated  to  the 
microscopic  structure  of  the  tissue  (Fig.  2).  The 


Case  Study  129.  Cavernous  Hemangioma 


Fig.  3  Diagram  of  angle  kappa 


angle  kappa,  as  described  by  Ossoinig,  refers  to 
the  slope  of  a  line  drawn  along  the  tops  of  the  ver- 
tical spikes  within  the  lesion  (Fig.  3).  These  tumors 
have  a  significant  angle  kappa  because  sound 
energy  is  absorbed  and  scattered  as  the  beam  trav- 
els through  the  tumor. 

Another  vascular  lesion  that  can  put  pressure 
on  the  optic  nerve  is  a  lymphangioma.  This 
lesion  can  entwine  itself  around  orbital  struc- 
tures and  will  sometimes  undergo  spontaneous 
hemorrhage  into  its  cystic  spaces  with  marked 
expansion  of  the  cyst  with  resultant  pressure  on 
orbital  tissue. 


Case  Study  130 

Orbital  Lymphangioma 


CM  is  a  7 -year-old  girl  who  presented  to  her  pedia- 
trician with  sudden  proptosis  of  her  left  eye  over 
the  course  of  one  day.  Examination  found  marked 
proptosis  and  numerous  tiny  serous-filled  cysts  of 
the  conjunctiva  in  the  inferior  fornix.  She  was 
urgently  referred  to  an  ophthalmologist  for  evalua- 
tion. He  found  vision  in  her  right  eye  of  20/20  and 
her  left  eye  of  20/50-2  with  a  2+  afferent  pupil 
defect.  Hertel  exophthalmometry  measured  the 
anterior  position  of  the  right  eye  at  1 1  mm  and  the 
left  at  17  mm. 

Echography  was  performed  with  B-scan  showing 
a  large,  low-reflective  lesion  adjacent  to  the  optic 
nerve  with  multiple  smaller  cysts  adjacent  to  it. 
A-scan  revealed  an  1 1  mm  encapsulated  cystic  struc- 
ture with  very  low  internal  reflectivity  (Fig.  1). 
Spontaneous  vascularity  was  not  detected.  The  optic 
nerve  thickness  was  thicker  on  the  left,  measuring 
4.2  mm  compared  to  the  right,  which  measured 
3.4  mm.  There  was  a  mildly  positive  30°  test  with 
the  left  nerve  reducing  to  3.6  mm  when  she  looked  to 
the  left.  The  diagnosis  of  an  orbital  lymphangioma 
with  spontaneous  hemorrhage  was  made.  A  multi- 
cystic  lesion  was  confirmed  on  MRI  scan  (Fig.  2). 

Because  of  the  concern  about  optic  nerve  com- 
pression, an  orbital  surgeon  was  contacted,  and 
needle  aspiration  of  the  cyst  was  performed  under 
ultrasound  guidance.  Ten  cubic  centimeters  of  blood 
was  extracted,  and  the  eye  immediately  became  less 
proptotic  on  the  operating  table.  Examination  in  the 
office  the  next  day  showed  an  exophthalmometry 
measurement  of  14  mm  and  improvement  in  visual 
acuity  to  20/25.  It  was  elected  to  not  attempt  sur- 
gical removal  of  the  tumor  because  of  its  extensive 
entanglement  with  the  optic  nerve  and  extraocular 
muscles  but  to  manage  the  patient  conservatively  by 


aspiration  of  cyst  fluid  contents  as  needed  to  protect 
the  optic  nerve  and  to  help  maintain  facial  cosmesis. 

Another  cause  of  optic  nerve  compression  is 
"malignant"  Graves'  disease  with  pressure  on  the 


Fig.  1  Top:  A-scan  of  orbital  lymphangioma  (vertical 
arrows).  Bottom:  B-scan  of  lymphangioma  with  large 
cyst  and  several  smaller  cysts  (arrows) 
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Case  Study  130.  Orbital  Lymphangioma 


nerve  in  the  orbital  apex  from  massively  enlarged 
extraocular  muscles.  About  one  third  of  patients 
with  Graves'  orbitopathy  experience  a  more  aggres- 
sive disease  course,  with  signs  of  inflammation, 
progressively  reduced  ocular  motility,  and  possible 
optic  nerve  compression  [48].  This  fulminant 
course  occurs  more  commonly  in  elderly  patients 
who  smoke.  Some  studies  have  suggested  a  male 
predominance,  but  this  finding  is  not  consistent. 


Fig.  2  Magnetic  resonance  imaging  scan  of  lymphangi- 
oma (arrow) 


Case  Study  131 

Graves'  Orbitopathy 


HN  is  an  80-year-old  male  who  presented  with 
rapidly  progressive  proptosis  and  reduced  vision 
over  the  period  of  a  month.  He  gave  a  long  his- 
tory of  smoking  and  no  past  history  of  thyroid 
disease.  Examination  found  visual  acuity  OD  of 
20/100  and  OS  of  20/200.  Intraocular  pressures 
were  23  mm  in  the  right  eye  and  24  mm  in  the 
left.  Hertel  exophthalmometry  measured  22  OD 
and  23  mm  OS.  He  had  moderate  lid  edema  and 
conjunctival  chemosis.  Slit-lamp  examination 
showed  mild  corneal  epithelial  stippling  bilater- 
ally with  poor  tear  film  coverage.  Fundus  exami- 
nation was  unremarkable  except  for  age-related 
macular  drusen  and  retinal  pigment  epithelial 
changes.  Visual  field  testing  showed  moderate 
peripheral  depression. 

Echography  was  performed  with  B-scan  show- 
ing diffuse  enlargement  of  the  extraocular  muscles. 
A-scan  found  significant  enlargement  of  both  supe- 
rior recti  with  the  right  measuring  7.75  mm  and  the 
left  7.5  mm.  The  other  muscles  were  diffusely 
enlarged.  Internal  reflectivity  was  generally  hetero- 
geneous, but  the  superior  recti  were  relatively 
medium  reflective  (Fig.  1).  The  optic  nerves  mea- 
sured 4.5  mm  OD  and  4.3  mm  OS  with  an  equivo- 
cal 30°  test  on  the  right  and  a  negative  test  on  the 
left.  CT  scan  demonstrated  obvious  thickening  of 
the  extraocular  muscles  at  the  orbital  apex  with 
apparent  compression  of  the  optic  nerve. 

He  was  urgently  referred  to  an  orbital  surgeon, 
started  on  high-dose  intravenous  (IV)  steroids,  and 
scheduled  for  surgery  the  next  day.  Orbital  decom- 
pression was  performed,  and  the  patient  noted 
improvement  in  his  vision  later  that  evening.  The 
IV  steroids  were  continued  for  several  days,  and  he 
was  discharged  on  oral  prednisone  after  his  visual 


acuity  had  been  documented  to  substantially 
improve  in  both  eyes. 

Optic  nerve  dysfunction  can  occur  in  the  setting 
of  Graves'  disease  by  other  mechanisms  than  com- 
pression by  enlarged  extraocular  muscles. 


Fig.  1  Top:  A-scan  of  markedly  enlarged  extraocular 
muscle  (vertical  arrows).  Bottom:  B-scan  of  muscle 
(  arrow) 
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Case  Study  132 

Increased  Orbital  Fat  in  Graves'  Disease 


GB  is  a  26-year-old  woman  who  presented  with 
complaints  of  reduced  vision  in  her  right  eye  over 
several  weeks.  Examination  showed  moderate  lid 
lag  and  stare  bilaterally  with  mild  exophthalmos  of 
19  mm  OD  and  18  mm  OS.  Visual  acuity  was  20/50 
OD  and  20/25  OS  with  a  1-2+  afferent  pupil  defect 
on  the  right. 

Echography  was  performed  and  demonstrated 
essentially  normal  extraocular  muscle  and  optic 
nerve  measurements  bilaterally.  There  was  an 
increase  in  the  orbital  fat  volume  on  A- scan  exami- 
nation (Figs.  1  and  2),  more  on  the  right  than  on  the 
left.  CT  scan  confirmed  an  increase  in  orbital  fat 
volume  and  showed  straightening  of  the  optic  nerve 
(Fig.  3). 

It  was  concluded  that  she  had  an  optic  nerve 
"on  stretch"  due  to  relative  exophthalmos  from 
increased  orbital  fat  and  connective  tissue  volume 
without  significant  extraocular  muscle  involve- 
ment. An  orbital  decompression  was  performed 
to  reduce  orbital  volume  and  reduce  the  tension 
on  the  optic  nerve.  Her  visual  acuity  was  noted  to 
improve. 

Orbital  inflammatory  processes  can  involve  the 
optic  nerve  directly,  as  in  optic  neuritis,  or  second- 
ary to  the  involvement  of  other  ocular  tissues. 
Echography  is  most  helpful  in  imaging  the  retro- 
bulbar portion  of  the  nerve  with  the  appearance  of 
the  "T"  sign  when  the  nerve  sheaths  merge  with 
inflamed  sclera.  Otherwise,  ultrasound  is  less  use- 
ful in  demonstrating  inflammatory  changes  of  the 
orbital  portion  of  the  nerve,  which  is  better  shown 


on  MRI  scanning  after  injection  of  enhancing 
agents  (Fig.  4). 


Fig.  1  Top:  B-scan  of  increased  orbital  fat.  Bottom:  A-scan 
of  orbital  fat  {arrows) 
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Case  Study  132.  Increased  Orbital  Fat  in  Graves'  Disease 


Fig.  2  Top:  A-scan  of  normal  orbital  fat  (arrows). 
Bottom:  A-scan  of  increased  orbital  fat  (arrows) 


Fig.  4  MRI  of  optic  nerve  enhancement  in  optic  neuritis 

(arrows) 


Case  Study  133 

T  Sign  in  Retrobulbar  Neuritis 


CW  is  a  25 -year-old  woman  who  presented  with 
complaints  of  pain  and  reduced  vision  in  her  left 
eye  for  about  a  week.  Examination  found  visual 
acuity  of  20/20  OD  and  of  20/60-2  OS  with  a  3+ 
afferent  pupil  defect.  The  left  eye  was  mildly  pro- 
ptotic.  Fundus  examination  showed  a  normal  right 
optic  disc  and  moderate  edema  of  the  left  disc  with 
several  focal  hemorrhages.  Some  perivascular 
sheathing  was  noted  peripherally. 

Echography  of  the  left  orbit  revealed  increased 
lucency  of  subtenon's  space  and  the  optic  nerve 
sheaths  with  the  appearance  of  a  T  sign  (Fig.  1). 
A-scan  measured  the  right  optic  nerve  to  be  3.2  mm 
and  the  left  3.4  mm,  which  was  within  normal  lim- 
its for  optic  nerve  thickness. 

Magnetic  resonance  imaging  scan  showed  optic 
nerve  sheath  enhancement  after  contrast  injection, 
but  no  white  plaques  were  noted  in  the  brain  as 
would  be  expected  in  demyelinating  disease,  such  as 
multiple  sclerosis.  Systemic  evaluation  found  a  sig- 
nificantly positive  antinuclear  antibodies  (ANA), 
which  supported  the  diagnosis  of  systemic  lupus 
erythematosus.  She  was  treated  with  high-dose  IV 
steroids  with  improvement  in  her  vision  in  the  left 
eye  to  20/25.  She  subsequently  experienced  recur- 
rences of  her  optic  neuritis  with  response  to  steroids, 
but  she  began  to  have  similar  episodes  in  the  right 


optic  nerve.  She  eventually  suffered  some  atrophy 
of  both  nerves  but  maintained  functional  vision. 

Idiopathic  inflammation  at  the  orbital  apex,  such 
as  in  the  Tolosa-Hunt  syndrome,  can  result  in 
reduction  of  vision  in  conjunction  with  motility  dis- 
turbances. This  syndrome  usually  presents  with  the 
abrupt  onset  of  painful  ophthalmoplegia  involving 
the  third,  fourth,  and  sixth  nerves.  There  is  often 
associated  hypesthesia  of  the  skin  in  the  distribution 
of  the  first  division  of  the  fifth  trigeminal  nerve. 


Fig.  1  T  sign-scleral  thickening  (large  arrow)  and  adja- 
cent optic  nerve  thickening  (small  arrow) 
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Case  Study  134 

Tolosa-Hunt  Syndrome 


JC  is  a  71 -year-old  woman  who  presented  with  the 
complaints  of  pain  and  reduced  vision  in  her  right 
eye  for  several  days.  Examination  found  visual  acu- 
ity of  20/70  OD  with  a  3+  afferent  pupil  defect  and 
acuity  of  20/25  OS.  Two  millimeters  of  proptosis  of 
the  right  eye  was  measured.  She  was  also  noted  to 
have  almost  total  ophthalmoplegia  and  reduced 
sensitivity  of  the  periorbital  skin.  The  remainder  of 
the  examination  was  normal  except  for  mild  nuclear 
sclerotic  cataracts  in  both  eyes. 

Echography  with  B-scan  was  normal,  but 
A- scan  revealed  thickening  in  the  orbital  apex  in 
the  area  of  the  superior  orbital  fissure  (Fig.  1). 
The  extraocular  muscles  and  optic  nerve  in  the 
mid-  and  anterior  orbit  were  of  normal  thickness. 
MRI  scan  was  performed  and  showed  enhance- 
ment of  the  cavernous  sinus  and  superior  orbital 
fissure  (Fig.  2).  A  systemic  workup  was  negative 
except  for  mild  elevation  of  her  sedimentation 
rate. 

She  was  diagnosed  with  the  Tolosa-Hunt  syn- 
drome and  treated  with  high  doses  of  oral  pred- 
nisone. Her  painful  ophthalmoplegia  rapidly 
improved,  as  did  her  visual  acuity.  She  had  only 
slight  residual  sixth  nerve  palsy  after  2  weeks, 
and  the  steroids  were  slowly  tapered  over  another 
3  weeks. 


Fig.  1  Top:  A-scan  of  thickened  orbital  apex  in  the  right 
eye  (arrows).  Bottom:  A-scan  of  normal  apex  in  the  left 
eye  (arrows) 
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310  Case  Study  134.  Tolosa-Hunt  Syndrome 


Pathology  of  the  anterior  orbit  can  cause  visible 
abnormalities  of  the  eyelids  or  periorbital  tissue. 
A  change  in  appearance  of  these  areas  even  in  the 
absence  of  other  symptoms,  such  as  pain,  visual 
loss,  or  diplopia,  can  be  the  basis  for  presentation  to 
the  ophthalmologist. 


Fig.  2  Magnetic  resonance  imaging  scan  of  orbital  apex 
(arrow) 


Case  Study  135 

Orbital  Infantile  Hemangioma 
in  a  Newborn 


CB  is  a  1 -year-old  boy  who  was  noted  by  his  par- 
ents to  have  some  bluish  swelling  of  the  left  upper 
eyelid  shortly  after  birth.  They  attributed  it  to  birth 
trauma  but  became  alarmed  when  the  swelling 
increased  dramatically  over  2  weeks.  They  obser- 
ved that  the  lid  became  more  swollen  and  reddish 
when  the  baby  cried  vigorously.  The  pediatrician, 
who  obtained  a  CT  scan  that  same  day  that  was 
interpreted  as  showing  diffuse  orbital  swelling, 
saw  the  child.  A  mass  such  as  rhabdomyosarcoma 
could  not  be  ruled  out.  The  patient  was  referred  to 
a  pediatric  ophthalmologist  with  the  operating 
room  on  call  for  a  possible  emergency  biopsy  that 
evening. 

A-scan  revealed  an  orbital  lesion  that  occupied 
the  mid-  and  anterior  orbit.  A-scan  showed  hetero- 
geneous internal  reflectivity  with  areas  of  medium- 
to-high  reflectivity  interspersed  with  a  relatively 
low  area  (Fig.  1).  Rapid  spike  movements  were 
detected  consistent  with  arterial  blood  flow.  This 
was  confirmed  when  a  handheld  obstetrical  Doppler 
unit  with  a  special  probe  adapted  for  the  orbit  was 
held  against  the  lid.  There  was  a  moderately  loud 
sound  of  arterial  blood  flow  that  persisted  when  the 
probe  was  angled  in  different  directions.  This  was 
consistent  with  a  highly  vascular  lesion.  The  com- 
bination of  irregular  internal  reflectivity  and  arterial 
blood  flow  was  most  consistent  with  a  hemangioma 
of  the  infantile  type,  or  capillary  hemangioma 
(benign  hemangioendothelioma). 


Fig.  1  A-scan  of  infantile  hemangioma  (vertical  arrows) 

Biopsy  was  cancelled,  and  the  child  was  treated 
with  high-dose  oral  steroids  with  reduction  in  size 
of  the  tumor  over  several  weeks.  The  parents  were 
advised  that  the  lesion  would  spontaneously 
involute  over  the  next  year  or  two,  and  treatment 
should  only  be  considered  if  the  vision  was  threat- 
ened by  amblyogenic  factors,  such  as  a  ptotic  lid 
occluding  the  visual  axis  or  asymmetric  astigma- 
tism caused  by  pressure  of  the  lesion  on  the  globe. 

Treatment  of  capillary  hemangiomas  often 
involves  the  use  of  the  intralesional  injection  of  ste- 
roids that  reduces  the  systemic  side  effects  versus  a 
higher  risk  with  the  oral  route.  Systemic  beta  block- 
ers are  now  included  as  one  of  the  treatment  options 
for  the  treatment  of  these  lesions. 
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Case  Study  136 

Orbital  Infantile  Hemangioma 


RC  is  a  2-year-old  girl  with  a  history  of  a  vascular 
lesion  involving  the  left  upper  lid  and  anterior 
orbit.  It  was  diagnosed  as  a  capillary  hemangi- 
oma, and  intralesional  injection  of  steroids  was 
recommended  to  the  parents  because  the  tumor 
was  enlarging  rapidly  and  threatening  to  obstruct 
the  visual  axis.  The  child  was  referred  for  echog- 
raphy to  substantiate  the  diagnosis  and  direct  the 
steroid  injection. 

Echography  by  A-scan  showed  a  17  mm  lesion 
with  irregular  internal  reflectivity  and  marked  vas- 
cularity on  examination  with  an  obstetrical  Doppler 
unit.  A  low-reflective  area  with  marked  spontane- 
ous vascularity  was  noted  (Fig.  1),  and  a  marking 
pen  was  used  to  outline  this  highly  vascular  area. 
A  triamcinolone  injection  of  1  cc  was  performed 
with  avoidance  of  the  area  with  the  highest  blood 
flow  to  reduce  the  possibility  of  retrograde  injec- 
tion of  steroid  into  the  retinal  arterial  vasculature. 
The  injection  was  accomplished  without  difficulty, 


and  the  lesion  regressed  significantly  over  the  next 
several  weeks. 

Varices  can  occur  in  the  orbit  but  sometimes 
present  as  more  visible  lesions  in  the  paraocular 
area. 


Fig.  1  A-scan  of  low-reflective  high- flow  area  (middle 
arrow)  in  infantile  hemangioma  (small  vertical  arrows) 
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Case  Study  137 

Orbital  Varix 


PC  is  a  72-year-old  man  whose  wife  noted  a  lump 
in  the  corner  of  his  left  eye  that  extended  onto  the 
nose.  His  ophthalmologist  noted  a  serpiginous 
lesion  under  the  skin  that  collapsed  under  gentle 
pressure.  The  conjunctiva  was  moderately  injected 
nasally,  but  not  temporally.  Echography  was 
performed  and  showed  a  low-reflective  soft  lesion 
(Fig.  1).  An  obstetrical  Doppler  unit  was  applied, 
and  transmitted  sounds  from  the  nasal  artery  were 
heard  but  not  from  the  vascular  lesion.  This  was 
consistent  with  a  varix  without  arterialization  of 
blood  flow. 

Orbital  varices  can  also  occur  in  the  mid-  and 
anterior  orbit  as  either  primary  vessel  wall  anoma- 
lies or  secondary  to  vascular  malformations.  They  Fig.  1  A-scan  of  orbital  varix  (vertical  arrows) 
may  present  with  intermittent  proptosis  as  they 
dilate  secondarily  to  Valsalva-induced  increased 
venous  pressure.  They  may  remain  undetected  for 
years. 
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Case  Study  138 

Orbital  Arteriovenous  Malformation 


RG  is  a  25 -year-old  man  who  presented  with  the 
history  of  bulging  of  his  right  eye  when  he  felt 
increased  pressure  in  his  head  when  lifting  weights 
or  bending  over  and  picking  up  heavy  objects. 
Examination  found  vision  in  both  eyes  of  20/20  and 
normal  intraocular  pressures.  Proptosis  of  his  right 
eye  was  measured  at  23  mm  when  he  performed  a 
Valsalva  maneuver,  and  his  left  eye  exophthalmom- 
etry  measurement  was  normal  at  1 8  mm. 

Echography  showed  a  normal  right  orbit  before 
Valsalva  and  a  low-reflective  encapsulated  lesion  in 


the  mid-orbit  after  he  increased  venous  pressure  by 
bending  over  and  bearing  down  (Fig.  1). 

The  most  common  marginal  lid  lesion  encoun- 
tered in  clinical  practice  is  the  chalazion  (stye). 
This  often  starts  as  a  focal  tender  bump  at  the  lid 
margin  that  may  come  to  a  head  and  involute  spon- 
taneously or  with  the  application  of  warm  com- 
presses. However,  it  may  evolve  into  a  more  chronic 
form  called  a  chalazion.  Generally,  echography  has 
little  or  no  role  in  these  lesions  except  in  atypical 
presentations. 


Fig.  1  Left.  B-scan  of  orbital  arteriovenous  malformation  before  Valsalva.  Right:  B-scan  after  Valsalva  {arrow) 
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Case  Study  139 

Lymphoma  of  Eyelid 


CT  is  a  3  5 -year-old  man  with  a  reddish  focal 
swelling  in  his  right  lower  lid  that  fluctuated  in  size 
over  several  months.  He  was  seen  by  his  primary 
care  doctor  and  diagnosed  with  a  chalazion.  He  had 
tried  hot  packs  and  oral  antibiotics  and  was  seen  by 
an  ophthalmologist  who  injected  steroids  into  the 
lesion,  but  it  persisted. 

Echography  was  performed  and  showed  a  1  cm 
encapsulated  lesion  with  medium  internal  reflectiv- 
ity on  A-scan  (Fig.  1).  The  differential  diagnosis 
included  an  inflammatory  infiltrate,  but  a  lymphoid 
lesion  could  not  be  ruled  out.  Because  of  this  pos- 
sibility and  the  persistence  of  the  tumor,  a  biopsy 
was  performed. 

The  pathological  diagnosis  was  a  B-cell  lym- 
phoma, and  a  systemic  workup  was  initiated  with 
no  evidence  of  lymphoma  at  other  sites. 
Nevertheless,  the  patient  was  informed  that  the 
probability  of  a  distant  focus  of  lymphoma  was 
60-70  %  because  of  the  involvement  of  the  ocular 
adnexa. 

Low  reflectivity  of  an  eyelid  lesion  on  A-scan 
is  often  consistent  with  some  type  of  infiltrative 


process.  A  densely  homogenous  cellular  infiltrate 
such  as  found  in  inflammatory  or  neoplastic  pro- 
cesses should  be  suspected  with  this  type  of  reflec- 
tivity pattern. 


Fig.  1  A-scan  of  atypical  chalazion  (vertical  arrows) 
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Case  Study  140 

Leukemic  Infiltrate 


A  4-month-old  baby  was  referred  for  echography 
to  evaluate  a  lesion  in  the  right  lower  lid  that  was 
clinically  consistent  with  a  capillary  hemangi- 
oma. Ultrasound  examination  found  a  diffuse 
lesion  that  was  relatively  low  reflective  with  regu- 
lar internal  structure,  and  no  spontaneous  vascu- 
larity was  detected  on  A-  or  B-scan  or  by  Doppler 
(Fig.  1)  These  findings  were  not  consistent  with  a 
hemangioma,  and  an  infiltrative  process  was 
suspected  with  the  differential  diagnosis  includ- 
ing rhabdomyosarcoma,  neuroblastoma,  and  leu- 
kemic infiltrate  (granulocytic  sarcoma  or 
chloroma).  The  referring  pediatric  ophthalmolo- 
gist had  left  the  country  for  a  2-week  humanitar- 
ian trip,  but  the  ultrasound  findings  prompted 
urgent  referral  for  CT  and  MRI  (Fig.  2)  scans. 
These  showed  a  diffusely  infiltrating  lesion  in 
both  the  orbital  and  extraorbital  spaces  with  the 
same  differential  as  suggested  by  echography.  A 
biopsy  was  performed  the  next  day,  and  a  lesion 
with  a  green  color  was  identified.  Pathology  was 
reported  as  a  leukemic  granulocytic  sarcoma,  and 
subsequent  bone  marrow  biopsy  confirmed  the 
diagnosis    of   acute    myelogenous  leukemia. 


The  child  underwent  chemotherapy  with  a  rapid 
remission  of  the  infiltrate. 

Bulges  in  the  nasal  canthus  are  often  related  to 
pathology  of  the  nasolacrimal  system.  Obstruction 
of  the  nasolacrimal  duct  is  quite  common  in  new- 
borns and  is  generally  a  self-correcting  problem, 
but  it  can  be  treated  by  probing  when  necessary. 
Rarely,  an  infant  is  born  with  a  tense  cystic  bulge  in 
the  area  of  the  nasolacrimal  fossa.  This  is  called  a 
dacryocystocele  or  lacrimal  sac  mucocele.  It  may 
be  of  the  regurgitatory  type  when  mucous  and  fluid 
can  be  expressed  through  the  punctum  when  the 
examiner  presses  on  the  sac.  If  secretions  cannot  be 
expressed  due  to  obstruction  or  kinking  of  the  com- 
mon canaliculus,  then  it  is  of  the  nonregurgitating 
type  and  can  result  in  marked  distention  of  the  lac- 
rimal sac. 

Echography  is  useful  in  such  cases  by  demonstrat- 
ing a  well-outlined  and  low-reflective  structure  with- 
out vascularity.  The  A-scan  can  be  placed  inside  the 
nose.  If  the  mucocele  descends  into  the  nasal  cavity, 
it  is  best  treated  by  a  myringotomy  blade  from  the 
nasal  end  because  it  may  not  respond  to  probing  of 
the  system  performed  through  the  punctum. 
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Case  Study  140.  Leukemic  Infiltrate 


Fig.  2  Left:  CT  scan  of  leukemic  infiltrate  (arrow).  Right:  MRI  scan  of  lesion  (arrow) 


Part  V 

Bulgy  Eyes 


Echography  is  a  valuable  diagnostic  technique  for 
the  evaluation  of  orbital  pathology.  The  incredible 
advances  in  computerized  imaging  capability  with 
computed  tomography  (CT),  magnetic  resonance 
imaging  (MRI),  and  positron  emission  tomography 
(PET)  scanning  have  seemingly  supplanted  the  role 
of  ultrasound  in  orbital  diagnosis,  but  this  modality 
has  much  to  offer.  B-scan  still  occupies  an  impor- 
tant niche  especially  in  the  anterior  half  of  the  orbit, 
but  A- scan  brings  a  unique  capability  to  the  orbit  by 
providing  quantitative  data  for  the  evaluation  of 
orbital  lesions.  The  ability  to  accurately  measure 
structures,  such  as  the  optic  nerves,  extraocular 
muscles,  and  lacrimal  glands,  in  conjunction  with 
tissue  pattern  analysis  of  tumors  and  other  lesions 


complements  the  morphological  analysis  provided 
by  the  other  imaging  modalities. 

Orbital  diagnosis  requires  a  systematic  and  method- 
ical approach  including  a  careful  history,  physical 
examination,  and  the  judicious  and  cost-effective  use 
of  imaging  technology.  A  common  presentation  of 
many  kinds  of  orbital  pathology  is  proptosis.  This 
term  is  usually  applied  to  space-occupying  lesions, 
whereas  exophthalmos  generally  applies  to  the  protru- 
sion of  the  eyes  seen  in  Graves'  orbitopathy. 

Patients  with  prominent  eyes  are  encountered 
commonly  in  general  ophthalmic  practice.  The 
patient  herself  or  a  family  member  may  have  noticed 
the  change  in  eye  position,  or  the  practitioner  may 
be  the  first  to  bring  it  to  the  attention  of  the  patient. 
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Case  Study  141 

Dacryocystocele 


TE  is  a  3 -day-old  infant  who  was  noted  to  have  a 
moderately  firm  swelling  in  the  corner  of  the  left 
eye.  This  increased  over  the  next  2  days  so  the  par- 
ents sought  ophthalmic  consultation.  The  doctor 
was  relatively  certain  the  lesion  was  a  lacrimal  sac 
mucocele.  The  differential  diagnosis  included  a 
meningoencephalocele,  but  the  lack  of  pulsations 
made  this  unlikely. 


Echography  demonstrated  a  well-outlined 
echolucent  lesion  on  B-scan  with  regular  low 
reflectivity  on  A-scan.  The  A-scan  probe  was 
placed  inside  the  nose,  and  a  high-reflective 
membrane  was  encountered  that  was  consistent 
with  a  mucocele  of  the  sac  (Fig.  1).  An  otolaryn- 
gologist performed  an  incision  with  a  myringot- 
omy blade,  and  under  the  same  anesthesia,  an 


> 
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Fig.  1  Left:  B-scan  of  distended  lacrimal  sac  (top  arrow)  and  intranasal  component  (bottom  arrow).  Right:  A-scan  of 
lacrimal  sac  (first  arrow)  and  intranasal  component  (second  arrow) 
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Case  Study  141.  Dacryocystocele 


ophthalmologist  performed  nasolacrimal  probing. 
Mucinous  fluid  gushed  out  and  the  distended  lac- 
rimal sac  was  decompressed. 

Rarely,  tumors  can  originate  from  the  lacrimal 
sac.  When  a  patient  presents  with  the  complaint  of 


tearing,  the  sac  on  the  involved  side  should  be  pal- 
pated. Bloody  tears  are  especially  suggestive  of  a 
neoplasm.  Firmness  may  indicate  dacryoliths  in  the 
sac  that  may  require  surgical  removal  but  also  may 
indicate  a  neoplasm. 


Case  Study  142 

Hemangiopericytoma  of  Lacrimal  Sac 


JR  is  a  34-year-old  man  who  presented  with  com- 
plaints of  epiphora  on  the  left  side  for  several 
months.  He  had  been  given  antibiotics  and  decon- 
gestant nasal  sprays  by  his  primary  care  physician 
without  relief  of  the  tearing.  He  was  referred  to  an 
ophthalmologist,  who  noted  some  fullness  in  the 
nasolacrimal  fossa  and  found  a  firm  lesion  on 
palpation. 

Echography  revealed  a  moderately  echodense 
encapsulated  lesion  on  B-scan  and  a  regular 
medium  reflective  growth  with  moderate  sponta- 
neous vascularity  on  A- scan  (Fig.  1).  CT  scan 
showed  an  isodense  process  in  the  lacrimal  sac 
without  bone  destruction  or  invasion.  The  patient 
was  referred  for  a  dacryocystorhinostomy  with  the 
plan  to  perform  a  concurrent  excisional  biopsy  of 


the  lesion.  A  reddish  firm  tumor  was  found  at 
surgery. 

Pathology  demonstrated  a  cellular  lesion  with 
vas-cular  elements  consistent  with  a  hemangioperi- 
cytoma of  the  lacrimal  sac.  The  patient  was  fol- 
lowed with  serial  ultrasounds  to  monitor  for 
recurrence  of  the  tumor. 

Other  tumors  can  also  rarely  involve  the  lacrimal 
sac  and  include  epithelial  tumors,  such  as  squamous 
cell  carcinoma,  adenocarcinoma,  and  oncocytoma. 
Nonepithelial  tumors,  such  as  rhabdomyosarcoma, 
lymphoma,  plasmocytoma,  and  leukemia,  can  also 
be  found. 

Epiphora  can  be  the  first  sign  of  an  extensive 
process  invading  the  medial  orbital  bony  wall  and 
may  even  extend  intracranially. 


Fig.  1  Left:  A-scan  of  hemangiopericytoma  of  lacrimal  sac  (vertical  arrows).  Right:  B-scan  of  lesion  in  lacrimal  sac 

(arrows) 
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Case  Study  143 

Orbital  Meningioma 


CW  is  a  43 -year-old  woman  who  gave  a  history  of 
tearing  and  "sinus  pressure'"  on  her  left  side  for 
several  months.  Examination  found  firmness  in  the 
entire  medial  bony  orbit.  The  left  eye  was  displaced 
medially  about  3  mm  compared  to  the  right  eye. 

Echography  showed  numerous  A- scan  spikes 
emanating  from  the  area  of  the  lacrimal  sac  and 
deep  ethmoid/sphenoid  sinus  complex  (Fig.  1).  CT 
scan  revealed  an  extensive  bony  intracranial  lesion 
that  involved  the  greater  wing  of  the  sphenoid  that 


Fig.  1  A-scan  of  meningioma  invading  lacrimal  sac  (first 
two  vertical  arrows)  and  paranasal  sinuses  (between  sec- 
ond and  third  arrows) 


was  very  suspicious  for  a  meningioma  (Fig.  2). 
This  diagnosis  was  confirmed  on  biopsy. 

The  differential  diagnosis  of  proptosis  and  other 
malpositions  of  the  eye  is  a  long  one.  Echography 
provides  a  rapid  and  inexpensive  method  to 
quickly  diagnose  many  of  these  entities  in  an  office 
setting.  The  quantitative  ability  of  the  A-scan  can 
provide  a  focused  differential  diagnosis  in  most 
cases  and  can  correctly  characterize  the  lesion  in 
many  cases. 


Fig.  2  Computed  tomography  of  meningioma  invading 
nasal  orbit  (arrow) 
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Part  VI 

Lumps  and  Bumps 


Echography  is  extremely  valuable  in  the  evaluation 
of  lumps  and  bumps  in  and  around  the  eye.  It  is  the 
most  valuable  of  the  various  imaging  techniques  in 
the  evaluation  of  intraocular  lesions.  The  approach  to 
intraocular  tumors  has  changed  dramatically  in  the 
last  25  years.  Prior  to  that  time,  eyes  were  often  enu- 
cleated because  of  the  suspicion  of  intraocular  mela- 
noma. Ferry  published  a  major  intraocular  tumor 
pathology  study  from  the  Armed  Forces  Institute  of 
Pathology  (AFIP)  in  the  1960s  and  found  that  20  %  of 
eyes  enucleated  with  the  diagnosis  of  malignant  mel- 
anoma harbored  other  mostly  nonmalignant  lesions. 
This  study  was  criticized  because  it  was  performed 
before  indirect  ophthalmoscopy  and  fluorescein  angi- 
ography were  widely  used  in  the  evaluation  of  intra- 
ocular tumors.  Ferry  repeated  the  study  in  the  1970s 
when  these  modalities  were  part  of  routine  practice, 
and  the  same  20  %  misdiagnosis  rate  was  found  [49]. 

The  list  of  lesions  misdiagnosed  as  choroidal 
melanomas  with  their  incidence  in  the  pathology 
series  includes: 


Choroidal  nevi  20  % 

Retinal  pigment  epithelial  hypertrophy  10  % 

Metastatic  tumor  8  % 

Subretinal  hemorrhage  7  % 

Disciform  scar  7  % 

Choroidal  detachment  6  % 

Retinal  detachment  5  % 

Choroidal  hemangioma  4  % 

Retinal  hamartoma  3  % 

Vortex  veins  1  % 

Posterior  scleritis  1  % 

Reactive  lymphoid  hyperplasia  1  % 


This  part  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


Many  of  these  lesions  can  be  readily  diagnosed 
by  careful  ophthalmoscopy,  but  this  becomes  more 
difficult  as  a  direct  function  of  the  opacity  of  the 
ocular  media.  Such  obscurations  to  the  passage  of 
the  light  from  the  ophthalmoscope  are  not  inhibi- 
tory to  the  sound  beam  of  the  echographer.  This 
modality  is  essential  in  the  accurate  characteriza- 
tion of  a  number  of  intraocular  lesions.  The  most 
difficult  clinical  differentiation  is  among  solid 
tumors  of  the  fundus,  such  as  metastatic  tumors, 
hemangiomas,  and  large  nevi,  even  when  they  are 
not  obscured  by  media  opacification.  A-scan  allows 
tissue  differentiation  that  is  especially  valuable  in 
separating  choroidal  melanomas  from  the  various 
mimickers. 

Since  the  second  AFIP  study,  echography  has 
dramatically  impacted  the  accuracy  of  the  evalua- 
tion of  intraocular  tumors.  This  technique  began  to 
be  used  more  extensively  in  the  1980s,  and  the  rate 
of  specificity  for  the  diagnosis  of  choroidal  mela- 
noma increased  significantly.  The  latest  data  from 
the  Collaborative  Ocular  Melanoma  Study  (COMS) 
documents  a  diagnostic  accuracy  of  99.7  %, 
although  atypical  lesions  were  not  included  [50]. 
Standardized  echography  was  the  primary  ancillary 
tool  used  in  this  study.  Ultrasound  has  become  the 
standard  in  detecting  and  diagnosing  intraocular 
tumors.  According  to  Trubo,  "the  gold  standard 
in  evaluating  ocular  tumors  remains  ocular  ultra- 
sound, including  both  A-  and  B-scan  ultrasound." 
He  quotes  Timothy  Murray  who  states,  "it  is  clearly 
better  than  the  best  MRI  scan,  the  best  CT  scan  or 
the  best  PET  scan  that  we  have  [51]."  This  level 
of  reliability  approaches  that  of  microscopic  tissue 
sections  as  studied  by  the  pathologist.  Echography 
is  unable  to  differentiate  cell  types,  but  the  tissue 
architecture  created  by  collections  of  cells  has  a 
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Part  VI.  Lumps  and  Bumps 


direct  correlation  to  the  reflectivity  patterns  on 
A-scan.  This  is  especially  important  in  an  organ, 
such  as  the  eye,  in  which  biopsy  may  be  hazardous. 

Current  radiologic  techniques,  such  as  magnetic 
resonance  imaging  (MRI)  and  computed  tomogra- 
phy (CT),  rely  mostly  on  gross  morphology  and  are 
not  able  to  differentiate  tissue  at  the  resolution  of 
ultrasound.  Positron  emission  tomography  (PET)/ 
CT  technology  does  its  imaging  in  the  biochemical 
realm.  It  displays  the  concentration  of  radioactively 
tagged  glucose  and  other  molecules  as  they  are 
metabolized  in  different  tissues.  Finger  et  al. 
reviewed  two  cases  of  intraocular  melanoma  in 
which  the  first  evidence  of  liver  metastases  was 
focal  hot  spots  on  PET/CT  scanning  [52].  This 
finding  was  noted  before  liver  function  tests  became 
abnormal.  However,  this  technology  is  not  widely 
available  and  is  relatively  expensive.  The  useful- 
ness of  PET  scans  for  the  characterization  of  intra- 
ocular tumors  has  not  been  established. 

B-scan  echography  is  similar  to  MRI  and  CT 
scanning  as  it  provides  valuable  morphologic  infor- 
mation about  the  size  and  shape  of  ocular  and 
orbital  lesions.  Lesions  such  as  ocular  melanomas 
often  have  an  almost  pathognomonic  mushroom 
shape  on  B-scan  (Fig.  1).  This  shape  is  due  to  the 
constriction  of  the  "neck"  of  the  tumor  as  it  erodes 
and  breaks  through  Bruch's  membrane  into  the  sub- 
retinal  space. 

Rarely,  a  rapidly  growing  metastatic  tumor 
breaks  through  Bruch's  membrane.  B-scan  also 
allows  an  overview  of  the  local  surround  of  a  lesion. 
It  can  demonstrate  subretinal  fluid  and  the  extent  of 
any  retinal  detachment  (Fig.  2).  It  provides  a  pic- 
ture of  tumor  proximity  to  the  optic  nerve,  which  is 
an  important  prognostic  factor  (Fig.  3).  B-scan  is 
essential  in  measuring  the  basal  dimensions  of  a 
lesion,  which  enables  the  calculation  of  total  tumor 
volume  when  combined  with  the  very  precise  thick- 
ness measurements  attainable  by  A-scan. 

The  use  of  A-scan  enables  a  peek  inside  the  tis- 
sue being  studied.  Histological  characteristics  are 
directly  correlated  to  the  characteristics  of  the 
spikes.  The  major  A-scan  criteria  for  the  diagno- 
sis of  choroidal  melanoma  include  a  solid  tumor 
surface  spike,  low-to-medium  and  regular  inter- 
nal reflectivity,  and  spontaneous  vascularity.  The 
internal  features  of  reflectivity  are  determined  by 
the  cellular  architecture  of  the  lesion.  Melanomas 
are  densely  cellular  in  a  relatively  homogenous 
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Fig.  1  B-scan  of  choroidal  melanoma  with  mushroom- 
ing shape  (arrow) 


Fig.  2  Top:  A-scan  of  subretinal  fluid  (first  two  arrows) 
over  choroidal  melanoma  (second  and  third  arrows). 
Bottom:  B-scan  of  subretinal  fluid  (vertical  arrow)  over 
melanoma  (horizontal  arrow) 
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Fig.  3  B-scan  of  proximity  of  choroidal  melanoma 
(large  arrow)  to  optic  nerve  (small  arrow) 

pattern  of  distribution.  There  are  some  interfaces 
largely  due  to  the  presence  of  blood  vessels,  espe- 
cially arterioles  (Fig.  4).  This  rather  uniform  struc- 
ture with  few  interfaces  results  in  the  sound  wave 
traveling  through  the  tissue  with  relatively  minor 
reflection  of  sound  back  to  the  probe.  The  average 
height  of  the  spikes  ranges  from  almost  baseline 
up  to  about  60  %  compared  to  the  lesion  surface 
spike  (Fig.  5).  The  spikes  do  not  vary  significantly 
in  vertical  extension  with  rare  exceptions  (Fig.  6). 
Ciliary  body  melanomas  tend  to  be  medium  reflec- 
tive with  more  irregularity  of  the  spikes  as  com- 
pared to  more  posterior  lesions.  This  is  due  to  the 
bumpier  shape  of  this  area  of  the  uveal  tract.  Also, 
some  melanomas  have  necrotic  or  cystic  areas,  and 
this  does  affect  the  regularity  of  the  echo  signals 
as  the  sound  beam  traverses  these  regions  (Fig.  7). 

Vascularity  with  arterial  blood  flow  is  generally 
present  in  choroidal  melanomas  and  is  a  major  dif- 
ferential feature  in  the  echographic  criteria.  The 
detection  of  spontaneous  vascularity  is  difficult  in 
lesions  under  2.5  mm  in  thickness  because  of  the 
limitations  upon  the  examiner  in  resolving  subtle 
movements  in  such  a  relatively  small  space.  An 
increase  in  thickness  with  the  appearance  of  spon- 
taneous vascularity  usually  indicates  a  more 
aggressive  nature  of  the  tumor,  with  conversion 
from  a  choroidal  nevus  to  a  melanoma.  This  char- 
acteristic is  also  useful  in  determining  the  response 
of  a  melanoma  to  radiation  treatment  by  either 
plaque  therapy  or  proton  beam  irradiation.  The 
disappearance  of  vascularity  on  echography  in 


Fig.  5  A- scan  reflectivity  of  choroidal  melanoma  of 
50  %  (first  arrow)  surface  of  melanoma  and  (second 
arrow)  on  sclera 


Fig.  6  A- scan  of  irregular  choroidal  melanoma  reflectiv- 
ity (first  arrow)  surface  of  melanoma  and  (second  arrow) 
on  sclera 
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Fig.  7  Top:  A-scan  of  ciliary  body  melanoma  with  cavi- 
tary changes  {vertical  arrows).  Bottom:  B-scan  cavity 
(arrow) 


conjunction  with  a  change  to  more  irregular  inter- 
nal reflectivity  is  evidence  that  there  has  been 
response  to  therapy.  The  rapid  flickering  move- 
ments of  the  spikes  on  A-scan  have  their  counter- 
part in  the  dancing  pixels  on  the  B-scan.  The 
resolution  of  vascularity  is  directly  dependent  on 
the  sensitivity  of  the  A-  and  B-scan  unit.  It  is  dif- 
ficult or  even  impossible  to  evaluate  in  vector 
A- scans  and  some  B -scans.  The  examiner  should 
first  look  for  spontaneous  vascularity  on  B-scan  by 
increasing  the  size  of  the  image  on  the  screen. 
During  this  time,  the  tumor  is  centered  in  the  mid- 
dle of  the  display  and  the  probe  is  held  steady 
while  the  examiner  moves  forward  to  carefully 
study  it.  These  movements  can  also  be  seen  on  the 
A-scan  as  rapid  vertical  movements  independent 
from  microsaccadic  eye  movements.  They  should 
be  graded  in  intensity  on  a  scale  of  1-4. 

The  presence  of  all  of  these  characteristics  (low- 
to-medium  reflectivity,  spontaneous  vascularity, 
and  mushroom  shape)  results  in  the  diagnostic 
accuracy  of  99.7  %  for  choroidal  melanoma.  Such 
capability  approaches  histology  and  is  exceptional 
among  the  various  disciplines  of  imaging  technol- 
ogy. The  advantages  of  such  sensitivity  and  speci- 
ficity are  invaluable  in  clinical  practice,  as  illustrated 
in  the  following  case  study. 


Case  Study  144 

Choroidal  Melanoma  Treated 
with  Radioactive  Plaque 


WP  is  a  52-year-old  man  who  complained  of  a 
shadow  in  his  right  eye  for  several  months.  He  went 
initially  to  an  optometrist,  who  could  not  improve 
his  vision  with  refraction  and  documented  a  depres- 
sion on  automated  perimetry  in  his  temporal  field 
of  vision.  Ophthalmoscopy  revealed  a  darkly  pig- 
mented nasal  tumor.  The  patient  was  referred  for 
echography. 

Ultrasound  demonstrated  a  solid,  low-reflective, 
and  regular  lesion  with  marked  spontaneous  vascu- 
larity that  measured  6.53  mm  in  thickness  (Fig.  1). 
B-scan  revealed  a  mushroom-shaped  tumor  that 
measured  11.9  by  12.1  mm  in  basal  dimensions. 
Subretinal  fluid  extending  inferiorly  was  noted 
(Fig.  2).  The  patient  was  evaluated  systemically 
with  liver  function  tests,  a  chest  x-ray,  and  a  thor- 
ough skin  examination.  No  evidence  of  metastatic 
disease  was  found.  Therapeutic  options  were 
discussed  with  the  patient,  and  he  elected  to  have  a 
radioactive  iodine  131  plaque  applied  to  the  tumor. 

He  was  seen  for  follow-up  echography  in  6 
months,  and  the  tumor  volume  was  slightly  reduced 
from  the  pretreatment  measurements.  However,  on 
A-scan,  the  internal  reflectivity  was  higher  and 
more  irregular  than  before  radiation  (Fig.  3).  Only 
slight  spontaneous  vascularity  was  noted.  On 
B-scan,  an  echolucent  area  was  noted  in  subtenon's 
space  corresponding  to  the  location  of  the  plaque 
(Fig.  4). 

It  is  not  uncommon  after  radiation  treatment  for 
melanomas  to  be  the  same  size  or  larger  than  before 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


treatment.  This  usually  does  not  indicate  growth, 
but  is  probably  due  to  necrosis  and  edema  caused 
by  the  radiation  damage  to  the  malignant  cells. 


Fig.  2  B-scan  of  melanoma  (small  arrow).  Subretinal 
fluid  (large  arrow) 
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Case  Study  144.  Choroidal  Melanoma  Treated  with  Radioactive  Plaque 


Fig.  3  A- scan  of  postradiation  changes  in  choroidal  mel- 
anoma (vertical  arrows) 

Such  changes  may  persist  for  up  to  6  months.  After 
this  time,  there  is  generally  some  reduction  in  the 
volume  of  the  tumor,  but  it  rarely  disappears  com- 
pletely. The  patient  should  be  reassured  that  persis- 
tence of  a  lesion  is  not  evidence  of  failure  of  the 
treatment  to  destroy  the  tumor,  but  is  simply  a  scar 
that  has  little  chance  of  growing. 

The  echographic  criteria  that  support  the  diagno- 
sis of  choroidal  melanoma  are  equally  valuable  in 
eliminating  this  malignant  tumor  from  the  other 
differential   considerations   of  fundus  lesions. 


Fig.  4  B-scan  of  subtenon's  echolucency  postradiation 
treatment  of  choroidal  melanoma  (arrow) 

Internal  reflectivity  that  is  higher  than  60  %  of  the 
initial  spike  height  is  inconsistent  with  the  diagno- 
sis of  melanoma.  Occasionally  an  interface  within 
the  tumor  resulting  from  an  area  of  cavitation  or 
necrosis  may  result  in  a  spike  or  two  that  is  at  this 
60  %  level,  but  the  average  spike  height  will  remain 
below  this  threshold. 


Case  Study  145 

Pseudomelanoma 


TD  is  a  52-year-old  man  who  was  seen  for  a 
routine  eye  exam  by  his  optometrist  and  found  to 
have  a  lightly  pigmented  fundus  lesion  near  the 
nasal  equator  of  his  left  eye.  It  was  assumed  to 
be  a  melanoma,  and  the  patient  was  so  informed. 
He  was  referred  to  a  retinal  specialist  for  the  ini- 
tiation of  therapy.  The  retinologist  agreed  that  it 
was  most  likely  a  choroidal  melanoma,  but  before 
treatment  was  begun,  a  fluorescein  angiogram  was 
performed  and  the  man  was  sent  for  echographic 
examination. 

Ultrasound  was  performed,  and  A- scan  demon- 
strated medium-to-high  internal  reflectivity  with 
mild  irregularity  (Fig.  1).  Spontaneous  vascularity 
was  not  detected.  The  differential  diagnosis  was 
most  consistent  with  a  choroidal  hemangioma,  but 
a  metastatic  tumor  could  not  be  ruled  out. 
Melanoma  was  considered  to  be  unlikely.  The  reti- 
nologist proceeded  on  the  assumption  it  was  a 
melanoma  in  spite  of  the  echographic  findings  and 
scheduled  the  patient  for  radioactive  plaque  ther- 
apy but  first  performed  a  fine  needle  biopsy  of  the 
lesion.  The  initial  pathology  report  was  suspicious 
for  melanoma,  so  the  plaque  placement  proceeded. 
The  final  cytology  report  ruled  out  melanoma,  but 
a  specific  tissue  diagnosis  could  not  be  given. 
Echography  was  repeated  and  showed  no  change  in 
the  volume  of  the  lesion.  The  patient  was  followed 
over  several  years  with  serial  ultrasound  exams, 
and  no  change  in  size  or  internal  reflectivity  char- 
acteristics was  noted. 

Many  suspected  nevi  and  small  melanomas  are 
followed  over  time  without  treatment.  The  conver- 
sion of  choroidal  nevi  to  malignant  melanomas  is 


projected  to  be  relatively  rare  [53].  About  7  %  of 
individuals  are  estimated  to  harbor  nevi,  and  with 
an  incidence  in  the  USA  of  about  3,000  new  cases 
a  year,  the  conversion  rate  would  be  about  1/8,000 
to  1/9,000.  However,  some  clinicians  argue  that 
most  melanomas  arise  de  novo  and  do  not  originate 
from  preexisting  nevi.  It  is  reasonable  to  obtain 
fundus  photos  and  baseline  echography  for  a  nevus 
documented  for  the  first  time  by  the  examiner  in 
a  given  patient.  This  is  especially  true  if  it  meets 
one  or  more  of  the  criteria  for  suspicious  nevi  as 
outlined  by  Shields  et  al.  [54]. 

These  criteria  include  subretinal  fluid,  orange 
pigment,  thickness  greater  than  2  mm,  symptoms  of 
a  shadow  or  surface  in  the  patient's  field  of  vision, 
and  proximity  to  the  optic  nerve.  The  probability  of 
growth  by  a  suspicious  choroidal  lesion  (under 
2  mm  in  thickness)  is  about  4  %  if  none  of  these 
risk  factors  are  present.  There  is  a  34  %  chance  if 
one  risk  factor  is  present  and  63  %  chance  if  three 


Fig.  1  A-scan  of  pseudomelanoma  (vertical  arrows) 
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Case  Study  145.  Pseudomelanoma 


or  more  are  present.  COMS  found  that  about  3 1  % 
of  the  entire  group  of  small  ocular  melanomas  had 
grown  to  medium  or  large  size  after  5  years. 

Besides  its  value  in  following  suspected  nevi 
over  time  for  an  increase  in  thickness,  A-scan  is 
particularly  useful  for  characterizing  changes  in  the 
internal  structure  of  a  specific  lesion.  A  change  in 


the  height  and  regularity  of  the  A-scan  reflectivity 
pattern  typical  for  a  nevus  to  one  more  consistent 
with  a  melanoma  is  very  suggestive  of  the  transi- 
tion to  a  more  aggressive  type  of  tumor.  The  patient 
should  be  informed  of  this  change  and  given  the 
option  to  continue  following  the  lesion  or  the  choice 
of  different  treatment  modalities. 


Case  Study  146 

Conversion  of  Nevus  to  Melanoma 


BP  is  a  56-year-old  woman  who  was  incidentally 
noted  to  have  a  pigmented  temporal  choroidal 
lesion  in  her  right  eye  on  a  routine  examination  by 
her  ophthalmologist.  It  was  moderately  pigmented 
and  estimated  to  be  just  over  2  mm  in  thickness  and 
about  5  mm  in  basal  diameter.  Baseline  echography 
was  performed  and  documented  a  lesion  measuring 
1.55  mm  in  thickness  by  5.2  mm  by  5.8  mm  in 
basal  dimensions.  It  was  medium- to-high  reflective 
on  A-scan  with  slight  irregularity  of  the  echo  spikes 
(Fig.  1).  These  findings  were  felt  to  be  consistent 
with  a  nevus,  and  the  patient  was  instructed  to 
return  in  6  months  for  follow-up.  The  lesion 
appeared  unchanged  clinically  at  that  time. 

Echography  was  repeated  and  demonstrated  a 
mild  increase  in  overall  volume  of  the  lesion  to 
1.98  mm  by  5.5  mm  by  5.8  mm.  However,  internal 
reflectivity  on  A-scan  was  now  more  medium 
reflective  than  noted  on  the  initial  examination 
(Fig.  2).  This  change  in  reflectivity  was  suspicious 
for  an  increase  in  cellular  infiltration  of  the  choroid 
consistent  with  conversion  from  a  nevus  to  a  mela- 
noma. The  situation  was  discussed  with  the  patient, 
and  she  elected  to  return  in  3  months  for  repeat 
echography.  That  examination  revealed  a  further 
small  increase  in  tumor  volume  and  the  appearance 
of  spontaneous  vascularity.  She  elected  to  undergo 
radioactive  plaque  treatment  after  a  systemic 
workup,  including  liver  function  tests,  chest  x-ray, 
and  dermatologic  survey,  found  no  evidence  of 
metastases. 

Benign  nevi  can  grow  over  time,  and  a  slight 
increase  in  thickness  alone  would  not  necessarily 
be  a  reason  to  initiate  therapy.  However,  the  value 


Fig.  1  A-scan  of  large  nevus  (vertical  arrows) 


Fig.  2  A-scan  of  the  nevus  with  lower  reflectivity  over 
time  (vertical  arrows) 

of  A-scan  is  to  demonstrate  changes  in  internal 
reflectivity  suggestive  of  a  change  in  the  mitotic 
activity  of  the  cells. 
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Case  Study  147 

Nevus  Transforming  to  Melanoma 


DF  is  a  56-year-old  man  who  complained  of  slight 
visual  distortion  in  his  right  eye  on  presentation  to 
his  optometrist.  Examination  showed  visual  acuity 
of  20/20-2  in  that  eye  and  20/20  in  his  left  eye.  The 
anterior  segment  examination  was  normal,  but  fun- 
dus examination  showed  a  lightly  pigmented  sub- 
macular  lesion.  Fluorescein  angiography  was 
ordered,  and  the  lesion  demonstrated  initial  hypo- 
fluorescence  with  delayed  spotty  leakage  and  stain- 
ing. Echography  was  performed  and  displayed  a 
high-reflective  lesion  measuring  1.11  mm  in  thick- 
ness and  just  under  5  mm  in  basal  diameter.  The 
patient  was  seen  a  year  later  with  no  change  in 
symptoms  or  echographic  findings. 

He  presented  a  year  from  that  examination  with 
complaints  of  further  distortion  and  reduction  of 
vision  in  the  right  eye.  Clinical  examination  showed 
a  reduction  in  vision  to  20/60-2  with  distortion  of 
the  central  lines  on  Amsler  grid  testing.  Fundus 
examination  was  not  definitive  for  an  increase  in 
size  of  the  lesion,  but  there  was  some  question  of 
subretinal  fluid  overlying  the  growth.  The  patient 
was  told  that  his  visual  symptoms  were  possibly 
due  to  "leakage  of  fluid"  from  the  growth. 

Echography  was  performed  and  demonstrated  an 
increase  in  thickness  to  2.5  mm  and  basal  dimen- 
sions of  6.1  mm.  A-scan  now  showed  medium  and 
slightly  irregular  internal  reflectivity  (Fig.  1).  It  was 


concluded  the  lesion  was  transforming  from  a 
nevus  to  a  melanoma.  The  options  were  presented 
to  the  patient  with  further  observation  of  an  enlarg- 
ing melanoma  or  radioactive  plaque  treatment  with 
loss  of  his  central  vision.  After  a  negative  systemic 
workup,  he  elected  to  proceed  with  radiation 
treatment. 

Melanomas  will  sometimes  invade  the  sclera 
without  significant  anterior  growth  over  time.  The 
incidence  of  scleral  infiltration  is  higher  in  larger 
tumors.  Shammas  and  Blodi  reported  a  12.6  %  inci- 
dence in  tumors  with  basal  diameters  less  than 
10  mm  and  32.3  %  in  lesions  with  diameters  greater 
than  10  mm  [55].  Rarely,  a  relatively  small  lesion 
with  borderline  thickness  of  around  2  mm  is  actu- 
ally a  malignant  melanoma  growing  posteriorly 
with  extrascleral  extension.  There  is  no  way  to 
detect  such  posterior  growth  other  than  by  imaging 
studies.  Echography  is  the  most  sensitive  and  least 
expensive  of  these  diagnostic  techniques,  although 
it  cannot  reliably  detect  microscopic  invasion  of  the 
sclera.  However,  Ossoinig  feels  that  a  "ragged" 
posterior  tumor  spike  is  suggestive  of  scleral  inva- 
sion (Fig.  2).  An  echolucency  in  the  retro  scleral 
space  on  B-scan  and  low  reflectivity  on  A-scan  are 
suggestive  of  posterior  extension.  Ultrasound  can 
be  more  sensitive  than  CT  or  MRI  in  detecting  this 
occurrence. 
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Fig.  1  A-scan  of  nevus  (vertical  arrows)  enlarging  with 
lower  internal  reflectivity 


Case  Study  147.  Nevus  Transforming  to  Melanoma 


Fig.  2  A-scan  of  choroidal  melanoma  (vertical  arrow) 
with  scleral  irregularity  suggestive  of  tumor  invasion 
(horizontal  arrow) 


Case  Study  148 

Choroidal  Melanoma  with  Extrascleral 
Extension 


ON  is  a  7 3 -year-old  man  who  was  noted  to  have  a 
lightly  pigmented  choroidal  lesion  in  the  right  eye 
on  a  routine  examination  by  his  ophthalmologist. 
Fundus  photographs  were  taken,  and  the  patient 
was  instructed  to  return  in  a  year.  He  came  back 
almost  2  years  later  with  no  new  symptoms.  Fundus 
examination  and  photographs  were  consistent  with 
no  change  in  the  choroidal  lesion,  and  he  was  told 
to  return  in  another  year.  The  patient  was  in  another 
state  on  vacation  several  months  later  and  was 
advised  to  see  his  son's  ophthalmologist  when  he 
complained  about  some  loss  of  vision  in  the  oppo- 
site eye.  Examination  revealed  a  branch  vein  occlu- 
sion in  the  left  eye  with  mild  macular  edema  and 
visual  acuity  of  20/50.  The  right  eye  had  visual  acu- 
ity of  20/30,  and  the  original  choroidal  lesion  was 
noted.  Because  the  previous  records  were  not  avail- 
able, echography  was  performed. 

B-scan  demonstrated  an  elevated  choroidal  lesion 
with  basal  dimensions  of  5.3  mm  by  6.1  mm.  There 
was  an  echolucency  in  subtenon's  space  directly 
posterior  to  the  growth  (Fig.  1).  A-scan  revealed  a 
thickness  of  5.27  mm  and  medium,  regular  internal 
reflectivity.  Moderate  spontaneous  vascularity  was 
detected.  These  findings  were  very  suspicious  for 
a  malignant  melanoma  with  extraocular  extension. 
The  patient  was  referred  for  enucleation  with  pos- 
sible exenteration  that  was  to  be  determined  by  the 
presence  or  absence  of  an  intact  subtenon's  capsule 


Fig.  1  Top:  A-scan  of  choroidal  melanoma  (first  vertical 
arrow)  with  extrascleral  extension  (between  horizontal 
and  second  vertical  arrows).  Bottom:  B-scan  of  extra- 
scleral extension  (small  arrow) 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 
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at  the  time  of  surgery.  A  tumor  with  extension 
through  the  sclera  but  encapsulated  by  an  intact 
subtenon's  capsule  was  identified.  It  was  elected 
to  only  enucleate  and  not  exenterate  the  orbit.  The 
patient  showed  no  evidence  of  recurrence  after 
2  years  of  follow-up. 

Choroidal  melanomas  rarely  cause  vitreous 
hemorrhage.  Figures  2  and  3  demonstrate  a  case 
where  a  melanoma  has  broken  through  Bruch's 
membrane  causing  such  a  hemorrhage.  This  was 
most  consistent  with  a  melanoma  because  of  the 
regular  internal  structure  with  medium  height 
demonstrated  on  A- scan.  However,  a  subretinal 
hemorrhage  can  simulate  the  A- scan  appearance 
of  a  melanoma.  It  is  important  in  such  cases  to 
carefully  evaluate  the  initial  spike  of  the  lesion 
on  A-scan.  It  will  have  a  "shaky"  appearance 
in  a  nonsolid  lesion  such  as  a  subretinal  hemor- 
rhage but  will  not  show  this  vertical  jiggle  in  a 
solid  lesion  such  as  a  melanoma.  The  ultrasound 
should  be  repeated  in  a  few  weeks.  Subretinal 
hemorrhage  should  decrease  over  time,  and  the 
A-scan  pattern  becomes  more  irregular.  Rarely 
choroidal  melanomas  can  be  a  cause  of  subretinal 
hemorrhage. 

Choroidal  melanoma  will  rarely  invade  the  optic 
nerve,  as  reported  in  0.6-3.7  %  of  cases.  Shields 
states,  "most  uveal  melanomas  have  little  tendency 
to  invade  the  optic  disc.  Even  tumors  that  are  adja- 
cent to  the  disc  tend  to  stop  abruptly  at  the  optic 
disc  margins."  He  adds  that  some  melanomas  with 
a  diffuse  growth  pattern  have  a  tendency  to  grow 
into  the  substance  of  the  nerve  and  can  be  confused 
with  papilledema.  Such  tumors  have  an  extremely 
poor  prognosis  [56].  This  frequency  of  nerve 


Fig.  2  B-scan  of  vitreous  hemorrhage  overlying  a  cho- 
roidal melanoma  (arrow) 


Fig.  3  A-scan  of  malignant  melanoma  (arrows)  with  vit- 
reous hemorrhage  (blips  in  vitreous  cavity) 


invasion  is  in  contrast  to  retinoblastoma,  in  which 
an  incidence  of  29  %  is  reported  [57]. 


Case  Study  149 

Choroidal  Melanoma  with  Optic 
Nerve  Invasion 


NA  is  a  67-year-old  woman  who  noted  a  drop  in  the 
vision  in  her  right  eye  but  delayed  seeking  medical 
attention  for  several  months.  She  was  finally  seen 
by  an  ophthalmologist  who  documented  vision  in 
that  eye  of  20/70-2  and  20/30  in  the  left  eye.  A  2+ 
an  afferent  pupil  defect  was  noted.  Fundus  exami- 
nation showed  a  darkly  pigmented  lesion  adjacent 
superiorly  to  the  optic  nerve.  Echography  was  per- 
formed and  revealed  a  low-to-medium  reflective 
tumor  measuring  4.2  mm  in  thickness  and  13.8  mm 
in  basal  diameter  (Fig.  1).  The  optic  nerve  was 
measured  by  A- scan  to  be  2.66  mm,  which  is  within 
normal  limits. 

Because  of  the  poor  visual  acuity  and  the  pres- 
ence of  an  afferent  defect,  the  patient  was  referred 
for  an  MRI  scan  of  the  optic  nerve.  It  demonstrated 
slight  nonspecific  enhancement  after  the  adminis- 
tration of  a  contrast  agent.  The  patient  chose  to 
have  the  eye  enucleated  as  opposed  to  exenteration. 
Every  effort  was  made  to  obtain  a  long  segment  of 
the  retrobulbar  optic  nerve.  The  pathological  report 
showed  that  the  surgical  margin  at  the  distal  end  of 
the  optic  nerve  segment  was  clear  and  only  the 
anterior  part  was  invaded  by  melanoma  cells. 


Choroidal  melanomas  will  uncommonly  present  as 
a  diffuse  process  and  not  a  solid  tumor.  This  is 
reported  to  occur  in  4-5  %  of  cases  and  has  a  meta- 
static risk  of  24  %  at  5  years.  According  to  Shields 
et  al.,  the  risk  of  metastasis  is  higher  in  a  lesion  with  a 
large  basal  diameter  and  poorly  defined  margins  [58]. 
Such  lesions  are  misdiagnosed  about  half  of  the  time. 


Fig.  1  B-scan  of  choroidal  melanoma  (arrow)  and  over- 
lying optic  nerve  (second  arrow) 
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Case  Study  150 

Diffuse  Choroidal  Melanoma 


TY  is  a  25 -year-old  man  who  was  noted  on  routine 
examination  to  have  a  dark  choroidal  lesion  with 
poorly  defined  margins.  Echography  revealed  low- 
reflective  choroidal  thickening  in  the  area  of  the 
lesion  on  A- scan  and  an  irregular  surface  on  B-scan 
(Fig.  1).  The  differential  diagnosis  included  an  infil- 
trative process  either  by  inflammatory  or  neoplas- 
tic cells.  A  systemic  workup  for  malignancy  was 
negative.  He  returned  for  follow-up  in  3  months, 
and  the  lesion  had  increased  in  size.  Because  of  the 
high  probability  of  diffuse  melanoma,  the  eye  was 
enucleated  and  pathology  confirmed  the  diagnosis 
of  epithelioid  melanoma. 

The  low-to-medium  and  regular  internal  reflec- 
tivity of  melanomas  as  imaged  by  the  A- scan  is  the 
result  of  a  dense,  homogenous  cell  population  with 


Fig.  1  B-scan  of  bumpy  choroidal  melanoma  (arrows) 


relatively  few  tissue  interfaces  to  reflect  the  sound 
waves.  On  the  other  hand,  choroidal  nevi  have  a  less 
dense  population  of  melanocytes  that  are  loosely 
interspersed  within  the  normal  choroid.  This  results 
in  multiple  interfaces  from  which  the  sound  beam 
is  reflected  resulting  in  higher  reflectivity  than  is 
seen  in  melanomas  on  the  A- scan  (Fig.  2). 

Another  pigmented  choroidal  tumor  with  high 
internal  reflectivity  on  A- scan  is  the  melanocytoma 
(Fig.  3).  This  lesion  is  generally  dome-shaped  on 
B-scan,  but  a  case  of  a  "mushrooming"  melanocy- 
toma has  been  reported  [59].  These  lesions  most 
often  originate  from  pigmented  cells  within  the 
optic  disc,  although  they  can  occur  anywhere  in  the 
uveal  tract.  They  generally  are  heavily  pigmented, 
with  a  jet-black  appearance  with  a  feathered  edge 
that  extends  into  the  adjacent  retina.  Their  clini- 
cal appearance  allows  an  accurate  diagnosis  in 
most  cases.  Their  malignant  potential  is  very  low, 


Fig.  2  A- scan  of  choroidal  nevus  (arrows) 
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Fig.  3  A- scan  of  melanocytoma  (arrows) 

but  there  have  been  reports  of  transformation  to  a 
melanoma.  They  do  not  replace  the  choroid  with 
a  dense  homogenous  population  of  cells  as  the  case 
with  melanomas  but  infiltrate  the  choroidal  tissue 
in  a  less  compact  distribution. 

An  analogous  situation  on  the  cellular  level 
occurs  as  metastatic  tumors  invade  the  choroid. 
These  lesions  invade  the  uveal  tract  in  a  sporadic 
pattern  with  areas  of  dense  tumor  cells  and  "fin- 
gers" of  partial  choroidal  infiltration  by  the  malig- 
nant cells.  A-scan  performed  on  these  tumors  will 
be  irregular,  with  low  spikes  corresponding  to  the 
more  homogenous  areas  of  malignant  infiltra- 
tion and  higher  spikes  corresponding  to  the  more 
heterogeneous  areas  (Fig.  4).  The  lower  reflective 
and  regular  areas  can  be  confused  with  a  choroidal 
melanoma  if  only  that  part  of  the  lesion  is  imaged. 
The  entire  tumor  must  be  scanned  with  particular 
attention  to  more  irregular  portions.  The  overall 
echographic  picture  of  metastatic  tumors  usually 


Case  Study  150.  Diffuse  Choroidal  Melanoma 


Fig.  4  A-scan  of  metastatic  tumor  to  the  choroid  (arrows) 

includes  irregular  internal  reflectivity  with  high  and 
low  echo  spikes  on  A-scan. 

An  important  differential  point  is  the  rarity  of 
echographically  detectable  spontaneous  vascularity 
in  metastatic  tumors.  These  lesions  are  relatively 
flat  compared  to  choroidal  melanomas,  which 
causes  difficulty  in  visualizing  the  rapidly  moving 
vertical  spikes  on  A-scan.  In  addition,  these  tumors 
often  lack  the  larger  arterioles  that  are  seen  in  mel- 
anomas. The  examiner  must  carefully  analyze  the 
ultrasound  screen  for  the  rapid  flickering  move- 
ments visible  on  standardized  A-scan  and  many 
B-scan  units.  It  is  helpful  to  enlarge  the  image  with 
the  zoom  control  and  to  look  at  the  screen  at  a  dis- 
tance of  a  few  inches.  The  degree  of  vascularity  can 
be  graded  on  a  scale  of  1-4+.  The  higher  degrees  of 
spontaneous  movement  are  generally  seen  in  larger 
melanomas.  Their  absence  in  a  choroidal  tumor 
over  3  mm  in  thickness  should  bring  the  diagnosis 
of  melanoma  into  question. 


Case  Study  151 

Metastasis  to  Choroid 


HA  is  a  57-year-old  woman  with  a  history  of  breast 
cancer  5  years  prior  to  her  presentation.  The  tumor 
was  first  detected  as  a  small  nodule  and  was 
resected  via  a  lumpectomy.  She  received  a  short 
course  of  chemotherapy  and  no  radiation.  She  had 
been  followed  with  annual  exams  by  her  oncolo- 
gist, and  no  evidence  of  recurrence  or  systemic 
spread  of  the  tumor  was  noted. 

She  saw  her  ophthalmologist  complaining  of 
some  distortion  in  vision  in  the  right  eye  for  the 
previous  3  weeks.  His  examination  documented 
vision  20/30-2  OD  and  20/20  OS.  A  paramacular 
yellow-orange  lesion  was  noted,  and  she  was 
referred  for  echography.  B-scan  revealed  a  dome- 
shaped  high-reflective  lesion  near  the  macula. 
A-scan  demonstrated  a  thickness  of  2.17  mm  and 
medium-to-high  reflectivity  (Fig.  1).  Spontaneous 
vascularity  was  not  observed.  The  differential  diag- 
nosis first  included  metastatic  tumor,  but  a  subreti- 
nal  disciform  lesion  could  not  be  ruled  out. 
Fluorescein  angiography  did  not  demonstrate  cho- 
roidal new  vessels.  Her  primary  ophthalmologist 
informed  the  patient  that  there  was  a  possibility  that 
she  had  a  metastatic  breast  lesion  in  her  eye. 
Echography  was  repeated  in  a  month,  and  no 
change  in  the  size  or  internal  structure  of  the  lesion 
was  noted.  This  fact  was  more  consistent  with  a 
neoplasm  than  subretinal  blood. 

Since  her  initial  diagnosis  of  breast  cancer,  the 
patient  had  been  actively  participating  in  healthy 
lifestyle  choices,  including  good  nutrition  with  an 
emphasis  on  antioxidants,  exercise,  and  stress 
reduction.  She  was  involved  in  the  American 
Cancer  Society  and  ran  a  support  group  for  cancer 
survivors.  She  had  a  very  difficult  time  accepting 
the  diagnosis  of  metastatic  disease.  She  sought 


other  opinions  nationally  and  was  seen  by  several 
prominent  ocular  oncologists. 

She  finally  underwent  a  fine  needle  biopsy  of  the 
ocular  lesion  that  substantiated  the  diagnosis  of 
metastatic  breast  cancer.  A  systemic  workup  had 
failed  to  reveal  any  other  lesions,  so  she  underwent 
chemotherapy  and  focal  radiation  treatment  to  the 


Fig.  1  Top:  A-scan  of  choroidal  metastatic  tumor 
{arrows).  Bottom:  B-scan  of  tumor  {arrow) 
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choroidal  lesion  with  a  partial  loss  of  central  vision. 
There  was  no  evidence  of  recurrent  metastatic 
lesions  to  the  eye  or  elsewhere  over  a  2-year 
follow-up. 

Metastatic  lesions  to  the  globe  and  orbit  com- 
monly occur  in  systemically  ill  cancer  patients 
with  a  known  primary  tumor  that  has  already 
metastasized  elsewhere  in  the  body.  They  are 
often  undetected  in  this  location  because  such 
patients  are  usually  preoccupied  with  the  cancer 
treatment  and  its  side  effects  and  do  not  seek  oph- 
thalmologic care  unless  there  are  significant  prob- 
lems with  vision.  They  frequently  die  from  the 
cancer  before  the  ocular  metastasis  is  diagnosed. 
Several  studies  of  autopsy  series  of  patients  who 
succumbed  to  metastatic  cancer  of  various  types 
found  a  4-8  %  incidence  of  metastatic  lesions  in 
the  eye  and  orbit  [60].  Most  of  these  had  been 
undiagnosed  while  the  patients  were  alive.  It  was 
concluded  that  metastatic  tumors  to  the  globe  and 
orbit  are  the  most  common  malignancies  that 
invade  these  structures.  The  rich  vascular  supply 
of  the  choroid  predisposes  it  to  invasion  by  meta- 
static cells.  According  to  Madhavi  and  Finger 
[61],  this  tissue  has  a  metastatic  efficiency  index 
that  is  the  highest  for  any  site  in  the  body  that  has 
been  investigated. 


According  to  Shields  et  al.,  the  most  common 
metastatic  tumors  to  the  choroid  are  breast  carcino- 
mas in  women  [62].  These  lesions  are  bilateral  in 
about  33  %  of  cases  and  tend  to  be  multifocal.  They 
are  relatively  flat  on  the  average,  measuring  about 
2  mm.  The  next  most  common  cancers  that  invade 
the  eye  are  from  the  lung  and  are  more  often  found 
in  men.  These  tumors  not  infrequently  present  in 
the  eye  before  the  primary  in  the  lung  is  diagnosed. 
Other  less  common  primary  cancers  that  metasta- 
size to  the  eye  are  from  the  gastrointestinal  tract, 
kidney,  thyroid  gland,  and  skin.  Shields  found  no 
primary  site  in  51  %  of  the  cases  in  his  series. 

The  diagnostic  accuracy  of  metastatic  tumors  to 
the  choroid  by  echography  is  less  than  that  of 
malignant  melanoma.  This  is  mainly  due  to  the 
relative  lack  of  thickness  when  these  lesions  are 
first  detected  because  internal  structure  cannot  be 
adequately  analyzed  in  a  lesion  in  the  range  of 
2  mm  or  less.  Usually  only  a  differential  diagnosis 
can  be  given  by  the  echographer,  with  a  specificity 
of  about  80  %.  In  fact,  some  metastatic  tumors  will 
behave  like  melanomas  by  aggressively  invading 
the  choroid  with  a  densely  homogenous  cell  popu- 
lation. Such  lesions  can  be  misdiagnosed  on 
A- scan.  Examples  include  metastatic  lung  carcino- 
mas, testicular  carcinomas,  and  carcinoid  tumors. 


Case  Study  152 

Metastasis  to  Choroid 


TS  is  a  56-year-old  man  with  a  long  history  of 
smoking.  His  medical  history  was  positive  for  mild 
hypertension  and  borderline  cholesterol.  He  pre- 
sented to  his  optometrist  with  complaints  of  a 
shadow  in  the  nasal  field  of  vision  in  his  right  eye. 
His  visual  acuity  measured  20/20  in  both  eyes,  and 
the  external  segment  examination  was  normal. 
Fundus  examination  found  a  cream-colored,  dome- 
shaped  lesion  near  the  temporal  equator.  He  was 
referred  for  fluorescein  angiography,  which 
revealed  an  area  of  choroidal  hypofluorescence  in 
the  area  of  the  lesion  with  adjacent  pinpoint 
hyperfluorescence. 

The  patient  was  referred  for  echography,  and  a 
solid  lesion  measuring  5.6  mm  in  thickness  by 
9.83  mm  by  7.6  mm  in  basal  dimensions  was 
detected.  A-scan  revealed  medium  and  regular 
internal  reflectivity  without  evidence  of  spontane- 
ous vascularity  (Fig.  1).  The  differential  diagnosis 
first  included  choroidal  melanoma.  His  primary 
care  physician  performed  a  systemic  evaluation, 
and  a  chest  x-ray  detected  a  suspicious  nodule  in 
the  apex  of  the  left  upper  lobe  of  the  lung. 
Bronchoscopy  was  performed,  and  biopsy  of  an 
apical  lesion  was  determined  to  be  poorly  differen- 
tiated lung  carcinoma.  He  was  treated  with  a  lobec- 
tomy of  the  left  upper  lobe  and  followed  up  by  his 
ophthalmologist  several  months  later.  A  second 
choroidal  lesion  was  detected  in  the  right  eye  super- 
nasally.  This  strongly  supported  the  diagnosis  of 
metastatic  lung  carcinoma  in  spite  of  the  initial 
echographic  findings. 

The  most  common  entities  in  the  differential 
diagnosis  of  metastatic  choroidal  tumors  are 


subretinal  disciform  lesions  and  choroidal  heman- 
giomas. Fluorescein  angiography  is  essential  in  the 
diagnosis  of  active  subretinal  neovascularization 
(Fig.  2)  but  is  less  secure  in  burned-out  disciform 


Fig.  1  Top:  A-scan  of  metastatic  tumor  to  the  choroid 
{arrows)  simulating  a  choroidal  melanoma.  Bottom: 
B-scan  of  the  tumor  {arrow) 
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lesions  with  gliotic  scarring.  Echography  in  such 
lesions  usually  demonstrates  one  or  more  medium- 
to-high  spikes  probably  reflected  from  a  scarred 
Bruch's  membrane,  and  this  irregularity  of  internal 
structure  cannot  be  distinguished  from  metastatic 
tumor.  It  is  important  to  repeat  the  ultrasound  in  a 
few  weeks.  Generally,  recent  subretinal  hemor- 
rhage will  organize  as  the  blood  reabsorbs,  and  the 
thickness  of  the  lesion  will  decrease.  A  malignant 
process  will  tend  to  increase  in  dimension  over 
time. 


Fig.  2  Fluorescein  angiogram  of  a  subretinal  disciform 
lesion  (arrow) 


Case  Study  153 

Subretinal  Hemorrhage 


WA  is  a  72-year-old  man  who  presented  with 
the  complaint  of  a  rapid  decrease  in  vision  of  his 
left  eye.  Examination  found  visual  acuity  of 
20/30-2  OD  and  20/80+1  OS.  Fundus  examina- 
tion of  the  right  eye  showed  only  mild  macular 
pigmentary  changes.  The  left  macula  was  seen 
to  have  a  bulging  dark  lesion  with  adjacent  sub- 
retinal  hemorrhage.  A  neoplasm  could  not  be 
ruled  out.  Fluorescein  angiography  showed 
mostly  hypofluorescence  throughout  the  macu- 
lar area. 

B-scan  revealed  a  dome-shaped  lesion  with 
moderate  spontaneous  internal  vascularity. 
A- scan  demonstrated  thickness  of  4.9  mm  and 
regular  internal  reflectivity  (Fig.  1).  The  pattern 
was  suspicious  for  subretinal  hemorrhage,  but  a 
malignant  lesion  could  not  be  ruled  out.  The 
patient  was  asked  to  return  for  repeat  ultrasound 
in  3  weeks.  On  the  return  visit,  A-scan  measured 
the  thickness  at  1.50  mm  with  a  high  internal 
spike  (Fig.  2).  This  was  interpreted  as  a  resolving 
subretinal  hemorrhage  with  formation  of  a  disci- 
form scar. 

Disciform  lesions  are  easier  to  diagnose  when 
they  are  submacular  than  when  they  are  more 
peripheral.  Age-related  macular  degeneration  is  the 
most  frequent  cause  of  irreversible  visual  loss  in  the 
elderly.  Statistically  it  is  much  more  likely  that  a 
macular  lesion  in  this  age  group  is  due  to  subretinal 
neovascularization  than  to  a  metastatic  lesion  or 
melanoma.  However,  peripheral  disciform  lesions 


are  much  less  common  than  the  submacular  pro- 
cess, which  makes  the  distinction  less  certain  in  this 
location.  Fluorescein  angiography  is  helpful  if 


■ 


Fig.  1  Top:  A-scan  of  acute  subretinal  hemorrhage 
(arrows).  Bottom:  B-scan  of  the  process  (arrow) 
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active  subretinal  neovascularization  with  leakage 
of  vessels  is  present. 

The  echographic  findings  can  be  equivocal, 
which  necessitates  follow-up  ultrasound  in  a  few 
weeks  to  see  if  the  lesion  is  increasing  or  decreas- 
ing in  size.  A  subretinal  hemorrhage  will  generally 
partially  resolve  with  a  reduction  in  thickness. 
A- scan  will  often  concurrently  demonstrate 
increased  irregularity  of  the  internal  structure.  If 
such  changes  do  not  occur,  then  a  tumor  should  be 
suspected. 


Fig.  2  A-scan  of  resolving  subretinal  neovascularization 

(arrows) 


Case  Study  154 

Subretinal  Disciform  Scar 


SG  is  a  7 8 -year-old  woman  who  had  a  history  of 
mild  dry  macular  degeneration  bilaterally.  Her 
medical  history  included  a  history  of  breast  can- 
cer 8  years  prior  to  presentation  that  had  been  in 
remission  after  a  mastectomy,  radiation  therapy, 
and  a  course  of  chemotherapy.  She  was  seen  for 
a  routine  annual  examination  by  her  ophthalmolo- 
gist, who  noted  a  raised  grayish  lesion  in  the  right 
temporal  fundus  near  the  equator.  She  had  no 
subjective  symptoms  due  to  this  process,  but  the 
clinician  referred  her  for  echography  to  rule  out  a 
neoplasm. 

A-scan  revealed  a  3.1 -mm  lesion  near  the  tempo- 
ral equator  with  moderately  irregular  internal 
reflectivity,  including  a  high  internal  spike  (Fig.  1). 
The  differential  included  an  eccentric  subretinal 
disciform  lesion,  metastatic  tumor  to  the  choroid, 
and  a  choroidal  hemangioma. 

The  patient  was  reevaluated  by  her  primary  care 
physician  with  a  systemic  workup,  including  a  bone 
scan  that  did  not  show  evidence  of  metastatic  tumor. 
She  was  scheduled  for  repeat  ophthalmic  examina- 
tion and  echography  2  months  after  the  initial 
exam.  Clinical  evaluation  showed  no  apparent 
change  in  the  lesion  and  ultrasound  measured  the 
same  thickness  and  demonstrated  no  change  in 
internal  reflectivity.  She  was  scheduled  for  another 
follow-up  exam  3  months  later,  and  again  no  change 
in  thickness  or  reflectivity  was  noted.  The  dor- 
mancy of  this  lesion  was  most  consistent  with  a  gli- 
otic  subretinal  disciform  scar,  and  it  was  planned  to 
follow  her  on  a  biannual  basis. 

The  other  major  differential  considerations  in  the 
evaluation  of  possible  choroidal  metastatic  disease 


include  hemangiomas  and  atypical  melanomas. 
Choroidal  hemangiomas  have  a  microscopic  struc- 
ture that  is  honeycomb-like  with  multiple  blood- 
filled  cystic  spaces  (Fig.  2).  As  the  sound  beam 
travels  through  this  tissue,  it  is  reflected  by  the 
septa  between  the  blood-containing  cavities.  If 
the  cystic  spaces  were  larger,  the  reflectivity  of  the 
A-scan  spikes  would  become  lower  as  the  sound 
wave  was  propagated  through  the  homogenous 
blood.  This  does  occur  in  orbital  cavernous  heman- 
giomas. However,  the  spaces  in  hemangiomas  of 
the  choroid  are  small  enough  relative  to  the  sound 
beam  that  there  is  not  enough  time  for  the  reflectiv- 
ity to  become  very  low  before  it  strikes  another  sep- 
tum and  results  in  a  high-reflective  spike.  Therefore, 
the  A-scan  characteristics  of  a  choroidal  hemangi- 
oma are  relatively  high  spikes  with  a  regular  struc- 
ture (Fig.  3). 


Fig.  1  A-scan  of  an  eccentric  disciform  lesion  (arrows) 
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Fig.  2  Microscopic  anatomy  of  a  choroidal  hemangioma    pIG  3  A_scan  of  a  choroidal  hemangioma  (arrows) 


Case  Study  155 

Choroidal  Hemangioma 


TA  is  a  52-year-old  man  who  complained  of  some 
visual  distortion  in  his  right  field  of  vision  for 
several  weeks.  He  was  seen  by  an  ophthalmologist 
who  documented  visual  acuity  of  20/30-2  OD  and 
20/20  OS.  Ophthalmoscopic  examination  found  a 
yellow-orange  elevated  lesion  just  below  the 
macula.  Fluorescein  angiography  was  performed 
and  demonstrated  mottled  leakage  of  dye  within  the 
lesion  that  increased  over  several  minutes.  These 
findings  were  consistent  with  a  choroidal  heman- 
gioma, but  an  amelanotic  melanoma  or  metastatic 
tumor  could  not  be  eliminated  completely. 

B-scan  showed  a  dome- shaped  highly  reflective 
lesion  (Fig.  1).  A-scan  demonstrated  high,  regular 
internal  reflectivity  (Fig.  2)  that  was  very  consistent 
with  a  choroidal  hemangioma.  The  patient  was 
referred  for  photodynamic  therapy  (PDT)  by  a 
retina  specialist  with  a  good  response  and  resolu- 
tion of  the  visual  distortion. 

Occasionally,  a  hemangioma  will  show  an  atypi- 
cal pattern  of  internal  reflectivity.  This  makes  the 
distinction  from  a  metastatic  lesion  much  more 
difficult. 


Fig.  1  B-scan  of  a  choroidal  hemangioma  (arrow) 


Fig.  2  A-scan  of  a  choroidal  hemangioma  (arrows) 
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Case  Study  156 

Carcinoid  Tumor 


A  A  is  a  45 -year-old  man  with  a  history  of  flushing 
of  his  skin  and  diarrhea  complained  of  distortion  of 
vision  in  his  left  eye.  Examination  showed  an 
orange-tinted  tumor  just  temporal  to  the  macula. 
Echography  showed  a  dome- shaped  lesion  on 
B-scan,  and  A-scan  showed  low-to-medium  inter- 
nal reflectivity  with  some  irregularity  and  mild 
spontaneous  vascularity  (Fig.  1).  It  was  suspicious 
for  a  melanoma,  but  the  irregularity  was  atypical. 
Systemic  workup  included  a  chest  CT  scan  which 
found  a  mass  in  the  left  lower  lobe  of  the  lung.  A 
24-h  urine  test  for  metabolites  of  serotonin  was  per- 
formed and  was  positive  for  5-HIAA.  The  diagno- 
sis of  a  carcinoid  tumor  of  the  lung  with  choroidal 
metastasis  was  made.  This  lesion  is  relatively  rare 
cause  of  choroidal  metastasis.  Patients  with  meta- 
static carcinoid  have  a  relatively  long  survival  rate 
compared  to  other  metastatic  malignancies  [63]. 

Systemic  non-Hodgkin's  lymphoma  can  rarely 
present  as  an  intraocular  tumor.  It  may  invade  the 
choroid  as  a  solitary  orange  mass  or  as  diffuse  cho- 
roidal thickening. 


Fig.  1  Top:  A-scan  of  carcinoid  tumor  (arrows).  Bottom: 
B-scan  of  tumor  (arrow) 
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Case  Study  157 

Ocular  Lymphoma 


KE  is  a  62-year-old  man  who  presented  to  his  oph- 
thalmologist with  the  complaint  of  decreased  vision 
in  his  right  eye  over  several  weeks.  He  had  a  history 
of  systemic  lymphoma  that  had  been  treated  18 
months  previously,  resulting  in  remission. 
Examination  found  the  visual  acuity  in  his  right  eye 
to  be  20/100  and  his  left  eye  20/30.  The  slit-lamp 
examination  was  unremarkable,  but  evaluation  of 
the  fundus  demonstrated  a  yellow-orange  diffuse 
thickening  of  the  posterior  pole. 

Echography  revealed  choroidal  thickening 
(Figs.  1  and  2).  He  was  diagnosed  as  having  poste- 
rior scleritis  and  started  on  high-dose  oral  predni- 
sone. His  vision  improved  and  the  echographic 


Fig.  1  A-scan  of  lymphoma  of  the  choroid  (arrows) 


findings  showed  resolution  of  the  thickening. 
However,  the  symptoms  and  signs  of  infiltration  of  the 
posterior  pole  recurred  in  a  few  weeks,  and  he  was 
found  to  have  infiltration  of  the  liver  and  spleen  on  CT 
scan.  A  lumbar  puncture  was  performed  and  was  nega- 
tive for  malignant  cells.  He  died  shortly  after,  and 
autopsy  demonstrated  non-Hodgkin's  lymphoma. 

Inflammatory  infiltrates,  such  as  in  posterior 
scleritis,  can  simulate  amelanotic  neoplastic 
lesions.  The  sclera  becomes  thickened  with  edema 
of  adjacent  tissue,  such  as  the  choroid  and  subten- 
on's  space.  This  condition  is  usually  quite  painful, 
but  in  cases  with  lesser  degrees  of  pain,  the  lesion 
can  be  confused  with  a  tumor. 


Fig.  2  B-scan  of  choroidal  thickening  (arrow) 
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Case  Study  158 

Posterior  Scleritis 


DF  is  a  26-year-old  man  who  complained  of  mild 
aching  behind  his  left  eye  and  some  blurring  for 
several  weeks.  He  presented  to  an  optometrist  who 
documented  vision  of  20/20  OD  and  20/30+2  OS. 
Slit-lamp  examination  revealed  mild  injection  of 
the  conjunctiva  of  the  right  eye  and  a  clear  anterior 
chamber  without  flare  or  cells.  Fundus  examination 
revealed  a  creamy  yellow  lesion  temporal  to  the 
macula.  Echography  demonstrated  a  dome-shaped 
lesion  on  B-scan  with  low-to-medium  irregular 
reflectivity  on  A-scan  with  some  high-reflective 
scleral  thickening  (Figs.  1  and  2).  The  differential 
diagnosis  included  an  inflammatory  choroidal 
edema  secondary  to  posterior  scleritis.  He  was 
treated  with  topical  steroids  and  systemic  nonsteroi- 
dal anti-inflammatory  medication  with  resolution  of 
his  symptoms  and  the  fundus  lesion  over  2  weeks. 

Some  fundus  lesions  contain  calcium,  and 
echography  is  quite  sensitive  in  detecting  calcifica- 
tion. Choroidal  osteoma  or  osseous  choristoma  is  a 
choroidal  tumor  with  dense  bone  formation. 
A  series  of  cases  were  originally  published  by  Don 
Gass  et  al.  in  1978  [64].  A  case  study  appeared  with 
a  pathological  description  in  1981  by  Williams  and 
colleagues  [65].  They  report  a  patient  who  was 
examined  with  a  choroidal  tumor  that  was  suspi- 
cious for  a  malignant  melanoma.  A  P32  (radioac- 
tive phosphorous)  test  was  performed  with  uptake 
of  the  radioactive  nucleotide  consistent  with  mela- 
noma. The  eye  was  enucleated,  and  microscopy 
demonstrated  a  heavily  ossified  tumor  consistent 
with  a  choroidal  osteoma.  A  number  of  case  reports 


describing  this  entity  have  since  been  published.  It 
generally  is  found  in  women  in  the  20^1-0  age  group 
and  is  unilateral  in  about  75  %  of  cases.  It  may 
result  in  reduction  of  visual  acuity  if  the  macula  is 


Fig.  1  A-scan  of  nodular  postscleritis  (arrows) 


Fig.  2  B-scan  of  the  same  area  (arrow) 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_158,  ©  Springer  Science+Business  Media  New  York  2014 


361 


362 


Case  Study  158.  Posterior  Scleritis 


involved.  It  has  no  malignant  potential  but  can  be 
associated  with  subretinal  neovascularization  that 
can  be  a  cause  of  visual  loss  and  is  amenable  to 
laser  treatment. 

Plain  film  radiography  and  CT  scan  can  detect 
the  bone  in  this  tumor.  Echography  is  a  highly 
accurate,  readily  accessible,  and  cost-effective 
method  to  evaluate  this  lesion.  The  extremely  high 
reflectivity  is  most  evident  when  the  gain  is  reduced 


to  display  the  lesion  in  comparison  to  the  adjacent 
normal  choroid.  It  appears  in  a  flat  plaque-like 
configuration,  as  opposed  to  the  lumpier,  irregular 
appearance  of  optic  disc  drusen.  Choroidal  osteo- 
mas tend  to  markedly  shadow  the  sclera  and  orbital 
tissue  posterior  to  the  lesion.  Dystrophic  calcifica- 
tion is  not  as  thick  and  is  located  superotemporally 
versus  the  more  central  location  of  choroidal 
osteoma. 


Case  Study  159 

Choroidal  Osteoma 


TD  is  a  2 8 -year-old  woman  who  presented  to  her 
ophthalmologist  with  the  complaint  of  distortion  of 
the  vision  in  her  left  eye  over  several  months. 
Examination  found  visual  acuity  in  the  right  eye  of 
20/20  and  in  the  left  of  20/50.  Fundus  examination 
demonstrated  a  reddish-orange  lesion  just  above 
the  macula  with  sharply  defined  borders. 
Fluorescein  angiography  revealed  diffuse  leakage 
from  the  tumor  and  an  area  of  subretinal  neovascu- 
larization at  the  temporal  border. 

Echography  was  performed,  and  a  very  high- 
reflective  lesion  was  demonstrated  on  both  B-  and 
A-scans  (Fig.  1).  The  thickness  was  difficult  to 
determine  because  of  the  high  spike  on  A-scan  that 
shadowed  out  the  sclera  and  made  exact  measure- 
ments impossible.  Basal  dimensions  were  5.2  mm 
by  6.1  mm  on  B-scan.  These  findings  in  conjunc- 
tion with  the  clinical  appearance  were  highly  con- 
sistent with  a  choroidal  osteoma.  The  patient  was 
referred  to  a  retinal  specialist  for  the  application  of 
photocoagulation  to  the  neovascularization. 

Choroidal  melanomas  rarely  contain  calcium. 
This  usually  appears  on  B-scan  as  one  or  two  focal 
calcium  deposits  (Fig.  2).  It  is  easily  missed  on 
A-scan  because  of  its  localization  to  a  small  area  of 
the  tumor.  The  rest  of  the  lesion  will  meet  the 
A-scan  criteria  of  low-to-medium  and  regular  inter- 
nal reflectivity. 

A  relatively  common  cause  of  calcium  deposits 
in  the  eye  is  calcified  drusen  of  the  optic  disc  that 
are  easily  detectable  by  ultrasound.  They  are 
reported  to  occur  in  0.34-3.7  %  of  the  general  pop- 
ulation. They  are  bilateral  in  up  to  75  %  of  cases, 
and  there  is  a  family  history  in  approximately 
3-4  %  [66].  Large  drusen  can  compress  optic  nerve 
fibers  with  resultant  visual  field  defects.  They  are 


Fig.  1  Top:  A-scan  of  a  choroidal  osteoma  (first  arrow) 
and  orbital  shadowing  (second  arrow).  Bottom:  B-scan  of 
the  lesion  (arrow) 

often  mistaken  for  papilledema  when  buried 
beneath  the  surface  of  the  nerve.  It  is  important  to 
recognize  these  lesions  as  the  cause  of  apparent 
optic  disc  swelling  to  avoid  an  extensive  and  costly 
neurological  workup.  B-scan  is  more  sensitive  than 
A-scan  in  their  detection.  The  probe  is  placed 
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Fig.  2  Calcium  deposit  in  a  choroidal  melanoma  (arrow) 


Fig.  3  Calcified  optic  disc  drusen  (arrow) 

temporally  on  the  globe  with  the  white  dot  superi- 
orly (transverse  view)  and  angled  anteriorly  or 
posteriorly  until  the  optic  nerve  shadow  is  dis- 
played. The  tip  of  the  optic  nerve  is  imaged  and  the 
gain  is  decreased.  Any  bright  reflections  are  care- 
fully analyzed  (Fig.  3). 

To  insure  that  this  reflection  is  not  an  artifact, 
the  nerve  is  reexamined  in  either  a  horizontal 
view,  with  the  probe  perpendicular  to  the  tempo- 
ral limbus  and  the  white  dot  nasally,  or  a  longitu- 
dinal view,  with  the  probe  on  the  superotemporal 
globe  and  the  white  dot  directed  downward 
towards  the  optic  nerve  (Fig.  4).  The  high  reflec- 
tivity should  also  be  visible  in  this  view,  and  its 


Case  Study  159.  Choroidal  Osteoma 


Fig.  4  Top:  false  impression  of  optic  disc  drusen  obtained 
in  a  transverse  view  (arrow).  Bottom:  drusen  not  seen 
when  the  probe  was  angled  in  another  direction  (arrow) 

absence  is  evidence  against  the  presence  of 
drusen. 

A  common  scenario  in  many  communities  is 
the  presentation  of  a  teenage  girl  to  her  primary 
care  doctor  with  the  complaint  of  increasing 
headaches. She  is  referred  to  an  eye  doctor  who 
notes  blurred  optic  nerve  heads  and  orders  an 
MRI  scan,  not  uncommonly  followed  by  a  neuro- 
logical consultation  and  a  spinal  tap.  A  timely 
demonstration  of  calcified  drusen  by  echography 
would  obviate  and  otherwise  extensive  and  costly 
workup. 


Case  Study  160 

Optic  Nerve  Drusen 


BC  is  a  13 -year-old  girl  who  saw  an  optometrist  with 
the  complaint  of  headaches  and  difficulty  in  seeing 
the  board  in  school.  She  was  found  to  be  slightly 
myopic,  but  he  noted  swelling  of  the  optic  nerves  on 
examination  (Fig.  1)  and  referred  her  for  an  MRI 
scan  and  scheduled  a  neurology  consultation. 

The  MRI  scan  was  reported  to  be  normal,  as  was 
the  neurological  examination.  The  neurologist 
made  a  presumptive  diagnosis  of  pseudotumor 
cerebri  and  performed  a  spinal  tap,  which  showed  a 
slightly  elevated  opening  pressure.  She  was  begun 
on  oral  Diamox  but  discontinued  it  after  a  week  due 
to  the  side  effects.  Another  carbonic  anhydrase 
inhibitor  was  tried  with  the  same  result.  She  was 
then  given  Lasix  without  improvement  of  her  head- 
aches and  no  change  in  the  optic  nerve  elevation. 
She  was  finally  seen  by  a  neuro-ophthalmologist 
who  requested  an  ultrasound. 

Echography  revealed  small  calcified  drusen  in 
the  right  optic  disc  and  medium  drusen  in  the  left 
(Fig.  2).  The  optic  nerve  diameters  in  both  orbits 
were  normal  with  OD  measuring  2.6  mm  and  OS 
2.7  mm  without  evidence  of  increased  optic  nerve 
sheath  fluid.  The  Lasix  was  stopped  and  she  was 
told  to  follow  up  in  a  year. 

Other  calcified  lesions  include  dystrophic  calcifi- 
cation of  the  choroid.  This  is  generally  an  idiopathic 
and  harmless  deposition  of  calcium  usually  found  in 
the  temporal  fundus  near  the  equator.  The  other  eye 
should  be  carefully  examined  with  the  B-scan  in  the 
corresponding  area  of  the  fundus  as  this  process  is 
often  bilateral.  Rarely  such  calcium  deposition  is 
the  result  of  parathyroid  dysfunction,  chronic  renal 
failure,  or  vitamin  D  intoxication  with  the  so-called 
malignant  calcification  with  widespread  deposition 
of  calcium  in  ocular  and  distant  body  tissues. 


Fig.  1  Elevated  optic  nerve  heads.  Top:  right  optic  disc. 
Bottom:  left  optic  disc 
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Case  Study  160.  Optic  Nerve  Drusen 


Fig.  2  Top:  B-scans  of  right  optic  disc  drusen  {arrow). 
Bottom:  B-scan  of  left  optic  disc  drusen 


Part  VI 

Lumps  and  Bumps 


Echography  is  extremely  valuable  in  the  evaluation 
of  lumps  and  bumps  in  and  around  the  eye.  It  is  the 
most  valuable  of  the  various  imaging  techniques  in 
the  evaluation  of  intraocular  lesions.  The  approach  to 
intraocular  tumors  has  changed  dramatically  in  the 
last  25  years.  Prior  to  that  time,  eyes  were  often  enu- 
cleated because  of  the  suspicion  of  intraocular  mela- 
noma. Ferry  published  a  major  intraocular  tumor 
pathology  study  from  the  Armed  Forces  Institute  of 
Pathology  (AFIP)  in  the  1960s  and  found  that  20  %  of 
eyes  enucleated  with  the  diagnosis  of  malignant  mel- 
anoma harbored  other  mostly  nonmalignant  lesions. 
This  study  was  criticized  because  it  was  performed 
before  indirect  ophthalmoscopy  and  fluorescein  angi- 
ography were  widely  used  in  the  evaluation  of  intra- 
ocular tumors.  Ferry  repeated  the  study  in  the  1970s 
when  these  modalities  were  part  of  routine  practice, 
and  the  same  20  %  misdiagnosis  rate  was  found  [49]. 

The  list  of  lesions  misdiagnosed  as  choroidal 
melanomas  with  their  incidence  in  the  pathology 
series  includes: 


Choroidal  nevi  20  % 

Retinal  pigment  epithelial  hypertrophy  10  % 

Metastatic  tumor  8  % 

Subretinal  hemorrhage  7  % 

Disciform  scar  7  % 

Choroidal  detachment  6  % 

Retinal  detachment  5  % 

Choroidal  hemangioma  4  % 

Retinal  hamartoma  3  % 

Vortex  veins  1  % 

Posterior  scleritis  1  % 

Reactive  lymphoid  hyperplasia  1  % 


This  part  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


Many  of  these  lesions  can  be  readily  diagnosed 
by  careful  ophthalmoscopy,  but  this  becomes  more 
difficult  as  a  direct  function  of  the  opacity  of  the 
ocular  media.  Such  obscurations  to  the  passage  of 
the  light  from  the  ophthalmoscope  are  not  inhibi- 
tory to  the  sound  beam  of  the  echographer.  This 
modality  is  essential  in  the  accurate  characteriza- 
tion of  a  number  of  intraocular  lesions.  The  most 
difficult  clinical  differentiation  is  among  solid 
tumors  of  the  fundus,  such  as  metastatic  tumors, 
hemangiomas,  and  large  nevi,  even  when  they  are 
not  obscured  by  media  opacification.  A-scan  allows 
tissue  differentiation  that  is  especially  valuable  in 
separating  choroidal  melanomas  from  the  various 
mimickers. 

Since  the  second  AFIP  study,  echography  has 
dramatically  impacted  the  accuracy  of  the  evalua- 
tion of  intraocular  tumors.  This  technique  began  to 
be  used  more  extensively  in  the  1980s,  and  the  rate 
of  specificity  for  the  diagnosis  of  choroidal  mela- 
noma increased  significantly.  The  latest  data  from 
the  Collaborative  Ocular  Melanoma  Study  (COMS) 
documents  a  diagnostic  accuracy  of  99.7  %, 
although  atypical  lesions  were  not  included  [50]. 
Standardized  echography  was  the  primary  ancillary 
tool  used  in  this  study.  Ultrasound  has  become  the 
standard  in  detecting  and  diagnosing  intraocular 
tumors.  According  to  Trubo,  "the  gold  standard 
in  evaluating  ocular  tumors  remains  ocular  ultra- 
sound, including  both  A-  and  B-scan  ultrasound." 
He  quotes  Timothy  Murray  who  states,  "it  is  clearly 
better  than  the  best  MRI  scan,  the  best  CT  scan  or 
the  best  PET  scan  that  we  have  [51]."  This  level 
of  reliability  approaches  that  of  microscopic  tissue 
sections  as  studied  by  the  pathologist.  Echography 
is  unable  to  differentiate  cell  types,  but  the  tissue 
architecture  created  by  collections  of  cells  has  a 
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direct  correlation  to  the  reflectivity  patterns  on 
A-scan.  This  is  especially  important  in  an  organ, 
such  as  the  eye,  in  which  biopsy  may  be  hazardous. 

Current  radiologic  techniques,  such  as  magnetic 
resonance  imaging  (MRI)  and  computed  tomogra- 
phy (CT),  rely  mostly  on  gross  morphology  and  are 
not  able  to  differentiate  tissue  at  the  resolution  of 
ultrasound.  Positron  emission  tomography  (PET)/ 
CT  technology  does  its  imaging  in  the  biochemical 
realm.  It  displays  the  concentration  of  radioactively 
tagged  glucose  and  other  molecules  as  they  are 
metabolized  in  different  tissues.  Finger  et  al. 
reviewed  two  cases  of  intraocular  melanoma  in 
which  the  first  evidence  of  liver  metastases  was 
focal  hot  spots  on  PET/CT  scanning  [52].  This 
finding  was  noted  before  liver  function  tests  became 
abnormal.  However,  this  technology  is  not  widely 
available  and  is  relatively  expensive.  The  useful- 
ness of  PET  scans  for  the  characterization  of  intra- 
ocular tumors  has  not  been  established. 

B-scan  echography  is  similar  to  MRI  and  CT 
scanning  as  it  provides  valuable  morphologic  infor- 
mation about  the  size  and  shape  of  ocular  and 
orbital  lesions.  Lesions  such  as  ocular  melanomas 
often  have  an  almost  pathognomonic  mushroom 
shape  on  B-scan  (Fig.  1).  This  shape  is  due  to  the 
constriction  of  the  "neck"  of  the  tumor  as  it  erodes 
and  breaks  through  Bruch's  membrane  into  the  sub- 
retinal  space. 

Rarely,  a  rapidly  growing  metastatic  tumor 
breaks  through  Bruch's  membrane.  B-scan  also 
allows  an  overview  of  the  local  surround  of  a  lesion. 
It  can  demonstrate  subretinal  fluid  and  the  extent  of 
any  retinal  detachment  (Fig.  2).  It  provides  a  pic- 
ture of  tumor  proximity  to  the  optic  nerve,  which  is 
an  important  prognostic  factor  (Fig.  3).  B-scan  is 
essential  in  measuring  the  basal  dimensions  of  a 
lesion,  which  enables  the  calculation  of  total  tumor 
volume  when  combined  with  the  very  precise  thick- 
ness measurements  attainable  by  A-scan. 

The  use  of  A-scan  enables  a  peek  inside  the  tis- 
sue being  studied.  Histological  characteristics  are 
directly  correlated  to  the  characteristics  of  the 
spikes.  The  major  A-scan  criteria  for  the  diagno- 
sis of  choroidal  melanoma  include  a  solid  tumor 
surface  spike,  low-to-medium  and  regular  inter- 
nal reflectivity,  and  spontaneous  vascularity.  The 
internal  features  of  reflectivity  are  determined  by 
the  cellular  architecture  of  the  lesion.  Melanomas 
are  densely  cellular  in  a  relatively  homogenous 
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Fig.  1  B-scan  of  choroidal  melanoma  with  mushroom- 
ing shape  (arrow) 


Fig.  2  Top:  A-scan  of  subretinal  fluid  (first  two  arrows) 
over  choroidal  melanoma  (second  and  third  arrows). 
Bottom:  B-scan  of  subretinal  fluid  (vertical  arrow)  over 
melanoma  (horizontal  arrow) 
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Fig.  3  B-scan  of  proximity  of  choroidal  melanoma 
(large  arrow)  to  optic  nerve  (small  arrow) 

pattern  of  distribution.  There  are  some  interfaces 
largely  due  to  the  presence  of  blood  vessels,  espe- 
cially arterioles  (Fig.  4).  This  rather  uniform  struc- 
ture with  few  interfaces  results  in  the  sound  wave 
traveling  through  the  tissue  with  relatively  minor 
reflection  of  sound  back  to  the  probe.  The  average 
height  of  the  spikes  ranges  from  almost  baseline 
up  to  about  60  %  compared  to  the  lesion  surface 
spike  (Fig.  5).  The  spikes  do  not  vary  significantly 
in  vertical  extension  with  rare  exceptions  (Fig.  6). 
Ciliary  body  melanomas  tend  to  be  medium  reflec- 
tive with  more  irregularity  of  the  spikes  as  com- 
pared to  more  posterior  lesions.  This  is  due  to  the 
bumpier  shape  of  this  area  of  the  uveal  tract.  Also, 
some  melanomas  have  necrotic  or  cystic  areas,  and 
this  does  affect  the  regularity  of  the  echo  signals 
as  the  sound  beam  traverses  these  regions  (Fig.  7). 

Vascularity  with  arterial  blood  flow  is  generally 
present  in  choroidal  melanomas  and  is  a  major  dif- 
ferential feature  in  the  echographic  criteria.  The 
detection  of  spontaneous  vascularity  is  difficult  in 
lesions  under  2.5  mm  in  thickness  because  of  the 
limitations  upon  the  examiner  in  resolving  subtle 
movements  in  such  a  relatively  small  space.  An 
increase  in  thickness  with  the  appearance  of  spon- 
taneous vascularity  usually  indicates  a  more 
aggressive  nature  of  the  tumor,  with  conversion 
from  a  choroidal  nevus  to  a  melanoma.  This  char- 
acteristic is  also  useful  in  determining  the  response 
of  a  melanoma  to  radiation  treatment  by  either 
plaque  therapy  or  proton  beam  irradiation.  The 
disappearance  of  vascularity  on  echography  in 


Fig.  5  A- scan  reflectivity  of  choroidal  melanoma  of 
50  %  (first  arrow)  surface  of  melanoma  and  (second 
arrow)  on  sclera 


Fig.  6  A- scan  of  irregular  choroidal  melanoma  reflectiv- 
ity (first  arrow)  surface  of  melanoma  and  (second  arrow) 
on  sclera 
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Fig.  7  Top:  A-scan  of  ciliary  body  melanoma  with  cavi- 
tary changes  {vertical  arrows).  Bottom:  B-scan  cavity 
(arrow) 


conjunction  with  a  change  to  more  irregular  inter- 
nal reflectivity  is  evidence  that  there  has  been 
response  to  therapy.  The  rapid  flickering  move- 
ments of  the  spikes  on  A-scan  have  their  counter- 
part in  the  dancing  pixels  on  the  B-scan.  The 
resolution  of  vascularity  is  directly  dependent  on 
the  sensitivity  of  the  A-  and  B-scan  unit.  It  is  dif- 
ficult or  even  impossible  to  evaluate  in  vector 
A- scans  and  some  B -scans.  The  examiner  should 
first  look  for  spontaneous  vascularity  on  B-scan  by 
increasing  the  size  of  the  image  on  the  screen. 
During  this  time,  the  tumor  is  centered  in  the  mid- 
dle of  the  display  and  the  probe  is  held  steady 
while  the  examiner  moves  forward  to  carefully 
study  it.  These  movements  can  also  be  seen  on  the 
A-scan  as  rapid  vertical  movements  independent 
from  microsaccadic  eye  movements.  They  should 
be  graded  in  intensity  on  a  scale  of  1-4. 

The  presence  of  all  of  these  characteristics  (low- 
to-medium  reflectivity,  spontaneous  vascularity, 
and  mushroom  shape)  results  in  the  diagnostic 
accuracy  of  99.7  %  for  choroidal  melanoma.  Such 
capability  approaches  histology  and  is  exceptional 
among  the  various  disciplines  of  imaging  technol- 
ogy. The  advantages  of  such  sensitivity  and  speci- 
ficity are  invaluable  in  clinical  practice,  as  illustrated 
in  the  following  case  study. 


Case  Study  161 

Idiopathic  Choroidal  Calcification 


MT  is  a  72-year-old  man  who  saw  his  optome- 
trist for  a  routine  eye  examination.  His  best  cor- 
rected visual  acuity  was  20/25  in  both  eyes  with 
mild  cataract  formation.  Fundus  examination 
found  a  partially  pigmented  lesion  in  the  right 
fundus  superior  temporal  to  the  macula.  The 
patient  was  told  he  may  have  a  malignant  tumor, 
and  he  was  referred  for  echography. 

B-scan  revealed  a  highly  reflective  lesion  of  the 
choroid  in  the  right  superior  temporal  fundus  that 
measured  just  over  5  mm  in  basal  dimensions.  The 
left  eye  was  carefully  scanned,  and  a  small  high- 
reflective  area  was  found  in  the  superior  temporal 
quadrant  (Fig.  1).  A-scan  showed  a  high  foreign 
body-type  signal.  The  diagnosis  of  idiopathic  cho- 
roidal calcification  was  made.  It  was  suggested  to  the 
referring  optometrist  that  serum  calcium  be  obtained 
to  rule  out  the  remote  possibility  of  a  systemic  cal- 
cium disorder.  This  was  later  reported  to  be  normal. 

Choroidal  and  retinal  calcification  can  be  a  non- 
specific finding  in  prephthisical  or  phthisical  eyes 
from  any  cause,  including  trauma,  chronic  iritis,  or 
neovascular  glaucoma.  This  process  usually  occurs 
in  an  extensive  platelike  calcification  of  most  of  the 
choroid  or  unevenly  in  one  or  more  areas  of  the  fun- 
dus (Fig.  2). 

Choroidal  melanomas  rarely  contain  calcium. 
This  usually  appears  on  B-scan  as  one  or  two  focal 
calcium  deposits  (Fig.  2  in  Chap.  144).  It  is  easily 
missed  on  A-scan  because  of  its  localization  to  a 
small  area  of  the  tumor.  The  majority  of  the  lesion 
will  meet  the  A-scan  criteria  of  low-to-medium 
internal  reflectivity. 

Lesions  of  the  anterior  segment  usually  require 
an  immersion  technique  with  any  of  the  B-scan 
probes,  but  the  highest  resolution  is  obtained  with 


Fig.  1  Top:  B-scan  of  right  eye  dystrophic  calcification 
(arrow).  Bottom:  B-scan  of  left  eye  with  dystrophic 
calcification 

the  higher  frequencies  such  as  20,  35,  or  50  MHz. 
The  most  common  neoplasms  in  this  part  of  the 
globe  are  melanomas  of  the  conjunctiva,  iris,  and 
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Case  Study  161.  Idiopathic  Choroidal  Calcification 


Fig.  2  Left:  B-scan  of  choroidal  calcification  in  a  phthisical  eye  (arrow).  Right:  A-scan  of  calcium  (arrow) 


ciliary  body.  Conjunctival  melanomas  tend  to  be 
invasive  and  can  penetrate  the  globe,  which  makes 
surgical  excision  impossible  with  rare  exceptions. 

Choroidal  melanomas  rarely  contain  calcium. 
This  usually  appears  on  B-scan  as  one  or  two  focal 


calcium  deposits  (Fig.  2  in  Chap.  144).  It  is  easily 
missed  on  A-scan  because  of  its  localization  to  a 
small  area  of  the  tumor.  The  majority  of  the  lesion 
will  meet  the  A-scan  criteria  of  low-to-medium 
internal  reflectivity. 


Case  Study  162 

Conjunctival  Melanoma 


WN  is  a  5 3 -year-old  woman  who  noticed  a  pig- 
mented area  on  her  right  eye.  She  neglected  it  for 
several  months  because  of  other  health  problems 
but  finally  consulted  an  ophthalmologist.  On  exam- 
ination, she  was  found  to  have  a  darkly  pigmented 
conjunctival  lesion  next  to  the  temporal  limbus.  He 
diagnosed  conjunctival  melanoma  and  recom- 
mended enucleation  pending  evidence  of  intraocular 
extension. 

Echography  was  performed  with  20-  and  50  MHz 
immersion  scanning.  There  was  an  obvious  demar- 
cation line  over  halfway  into  the  sclera  where  the 
lesion  invaded,  but  there  was  no  evidence  of  intra- 
ocular invasion  (Fig.  1).  Microscopic  invasion  of 
the  sclera  could  not  be  ruled  out.  The  options  were 
discussed  with  the  patient,  and  she  elected  to 
undergo  a  lamellar  resection  with  cryotherapy  to 
the  bed  of  the  lesion.  Pathology  found  an  epitheli- 
oid conjunctival  melanoma  with  clear  scleral  mar- 
gins. She  has  been  free  of  recurrence  of  tumor  for 
more  than  2  years. 

Conjunctival  nevi  are  relatively  common  and 
rarely  convert  to  malignant  melanoma.  Shields 
et  al.  [67]  found  the  average  age  of  initial  manifes- 
tation of  the  lesion  of  32  years,  but  the  lesions  can 
appear  in  early  childhood  and  sometimes  in  the 
elderly.  They  are  more  common  in  Caucasians 
with  brown  irises  and  are  often  found  on  the  bulbar 
conjunctiva  (72  %),  caruncle  (15  %),  and  plica 
semilunaris  (11  %).  They  most  frequently  occur  in 
the  horizontal  meridian  (temporally  in  46  %  and 
nasally  in  44  %).  Biomicroscopic  examination 
with  the  slit  lamp  reveals  cystic  changes  in  65  %. 
Immersion  high-frequency  echography  can  be 
quite  helpful  in  detecting  these  cystic  changes 
(Fig.  2). 


Fig.  1  Top:  ultrasound  biomicroscopy  of  conjunctival 
melanoma  {large  arrow)  with  scleral  invasion  (small 
arrow).  Bottom:  immersion  scan  of  lesion  with  20-MHz 
probe  (arrow) 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_162,  ©  Springer  Science+Business  Media  New  York  2014 


369 


370 


Fig.  2  Ultrasound  biomicroscopy  of  cystic  changes  in 
conjunctival  nevus  {arrows) 

An  iris  nevus  is  a  solid  lesion  of  the  iris  that  can 
have  a  fusiform  or  focal  nodular  shape  as  imaged 
by  immersion  (Fig.  3).  Occasionally,  disruption  of 
the  iris  pigment  epithelium  or  pigment  deposition 
can  be  seen.  These  lesions  can  safely  be  followed 
over  time  with  slit-lamp  photographs  and  high- 
frequency  immersion  ultrasound.  If  growth  is 
observed,  then  an  iris  melanoma  must  be  suspected. 


Case  Study  162.  Conjunctival  Melanoma 


Fig.  3  Immersion  scan  (20-MHz)  of  iris  nevus  {arrow) 

Clinically  suspicious  findings  include  iris  distor- 
tion, ectropion  uveae,  and  sector  cataract.  If  these 
changes  are  observed  in  an  actively  growing  lesion, 
then  treatment  options,  such  as  sector  iridectomy, 
should  be  offered  to  the  patient.  The  ciliary  body 
must  be  carefully  imaged  with  ultrasound  biomi- 
croscopy (UBM)  to  eliminate  macroscopic  inva- 
sion that  would  necessitate  iridocyclectomy.  The 
overall  mortality  rate  for  melanoma  of  the  iris  is 
4-8  %,  according  to  Harbour  et  al.  [68]. 

Diffuse  and  ring  melanomas  are  rarer  presenta- 
tions of  iris  melanomas  and  have  a  higher  metastatic 
potential. 


Case  Study  163 

Ring  Melanoma 


AT  is  a  26-year-old  man  who  was  noted  to  have  a 
pigmented  lesion  of  his  right  iris  on  examination  2 
years  previously.  UBM  had  been  performed  on  his 
initial  visit  and  was  consistent  with  an  iris  nevus  of 
the  temporal  iris  (Fig.  1).  He  was  instructed  to  return 
for  follow-up  in  6  months  but  came  back  2  years  later 
when  he  noted  increased  iris  pigmentation.  At  this 
time,  slit-lamp  examination  demonstrated  pigmen- 
tary deposition  in  the  angle  from  the  4:00  meridian 
around  to  12:30.  Some  pigmented  cells  were  noted  in 
the  anterior  chamber.  His  intraocular  pressure  in  that 
eye  was  26  mm  versus  17  mm  in  his  left  eye. 

Immersion  scanning  with  a  20-MHz  probe  demon- 
strated thickening  of  the  iris  root  in  the  area  of  the 
pigmentary  changes  (Fig.  2).  This  finding  was  consis- 
tent with  a  ring  melanoma,  and  the  patient  was  referred 
to  an  oculoplastic  surgeon  for  enucleation  after  a 
systemic  workup  for  metastases  was  performed. 

The  prognosis  for  ciliary  body  melanomas  is 
worse  than  in  any  other  part  of  the  uveal  tract.  This 
is  due  to  the  undetected  growth  of  these  tumors  in 
this  symptomatically  silent  area  and  their  proximity 
to  emissary  canals,  which  can  allow  extraocular 
egress  of  malignant  cells.  These  tumors  are  sus- 
pected clinically  if  iris  bulging,  sector  cataracts, 
lens  displacement,  or  sentinel  vessels  (engorged 
episcleral  vessels)  are  noted. 

A-  or  B-scan  echography  can  usually  image  at 
least  the  posterior  part  of  these  lesions  if  the  probe  is 


placed  on  the  sclera  against  the  orbital  rim  and 
rotated  anteriorly  towards  the  ciliary  body.  Internal 
reflectivity  by  A-scan  may  be  more  medium  reflec- 
tive and  somewhat  more  irregular  than  posterior 
choroidal  melanomas.  This  is  due  to  the  normal 
"bumpy"  surface  of  the  ciliary  body.  These  lesions 
can  sometimes  be  found  to  have  cystic  spaces 
internally  that  correspond  to  empty  cavities  or  fluid- 
containing  spaces.  UBM  is  quite  useful  in  displaying 
the  entire  tumor  with  its  most  anterior  extension. 


Fig.  1  Ultrasound  biomicroscopy  (50  MHz)  of  iris  nevus 
(arrow) 
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Fig.  2  Left:  immersion  scan  of  diffuse  melanoma  {arrow).  Right:  ultrasound  biomicroscopy  (50  MHz)  of  diffuse 
spread  of  lesion  {arrow) 


Case  Study  164 

Ciliary  Body  Melanoma 


EH  is  a  61 -year-old  man  followed  annually  at  the 
Veteran's  Administration  Hospital  for  a  mild  cata- 
ract. Different  ophthalmology  residents  on  each 
examination  usually  saw  him  as  they  rotated  through 
the  eye  clinic.  He  came  in  for  his  annual  exam,  and 
the  resident  noted  an  injected  episcleral  vessel  on 
the  inferior  right  globe  (Fig.  1).  The  visual  acuity 
was  20/40  in  this  eye,  compatible  with  a  moderate 
degree  of  nuclear  sclerosis  and  peripheral  cortical 
opacity.  Fundus  examination  was  unremarkable,  but 
the  periphery  could  not  be  well  visualized  because 
of  the  peripheral  cataract.  The  patient  was  referred 
to  the  university  hospital  for  echography. 

Ultrasound  revealed  a  solid  lesion  in  the  area  of 
the  inferior  ciliary  body.  The  tumor  could  not  be 
imaged  in  its  entirety  because  of  the  peripheral 
location  and  the  difficulty  in  angling  the  probe  in 
the  direction  of  the  inferior  periphery  because  of 
the  interference  by  the  superior  orbital  rim.  It  was 
also  partly  visualized  by  placing  the  probe  directly 
at  the  6:00  limbus  and  examining  the  globe  just 
under  the  probe,  although  part  of  it  was  hidden  in 
the  initial  spike  (Fig.  2).  The  reflectivity  on  A- scan 
was  medium  and  regular  with  moderate  spontane- 
ous internal  vascularity. 

Immersion  scanning  was  performed  with  a 
10  MHz  probe,  and  a  solid  lesion  of  the  inferior 


ciliary  body  measuring  5.5  mm  in  height  by  16  mm 
in  basal  diameter  was  visualized  (Fig.  3).  The  diag- 
nosis of  a  ciliary  body  melanoma  was  made,  and 
the  patient  elected  to  undergo  radioactive  plaque 
therapy  after  a  systemic  workup  showed  no 
evidence  of  metastatic  tumor. 

Anterior  segment  tumors  can  be  simulated  by 
very  peripheral  views  of  a  cataractous  lens.  When 
the  B-scan  probe  is  placed  on  the  temporal  sclera 
and  angled  very  anteriorly,  the  opacified  crystalline 
lens  can  be  imaged  with  the  artifactual  appearance 
of  a  tumor. 


Fig.  1  Dilated  episcleral  vessel 
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Case  Study  164.  Ciliary  Body  Melanoma 


Fig.  3  Immersion  scan  (10  MHz)  of  ciliary  body  mela- 
noma (arrow) 


Case  Study  165 

Pseudomelanoma  and  Cataract 


AM  is  a  75-year-old  woman  who  was  scheduled 
for  cataract  surgery  on  a  4+  nuclear  sclerotic  lens. 
The  ophthalmologist  had  difficulty  visualizing  the 
fundus  and  performed  a  B-scan  examination. 
When  the  probe  was  placed  on  the  posterior  tem- 
poral sclera  against  the  orbital  rim  and  aimed 
towards  the  cornea,  a  dome- shaped  mass  was 
imaged  (Fig.  1).  The  diagnosis  of  a  probable  cili- 
ary body  melanoma  was  made,  and  the  patient  was 
referred  to  an  oncologist  to  be  evaluated  for  sys- 
temic metastases.  The  workup  was  negative  for 
tumor,  and  a  discussion  was  instituted  regarding 
treatment  options,  including  enucleation.  This 
greatly  concerned  the  patient  and  she  sought  a  sec- 
ond opinion. 

Immersion  echography  was  performed,  and  a 
dense  cataractous  lens  was  imaged  but  no  mass 
lesion  was  identified  (Fig.  2).  The  diagnosis  of  a 
lens  artifact  simulating  a  tumor  was  discussed  with 
the  patient  to  her  great  relief. 

This  situation  is  relatively  common  with  differ- 
ent appearances  of  the  lens/tumor  artifact  (Fig.  3). 
Helpful  clues  to  eliminate  a  tumor  include  the 
inability  to  image  the  lesion  when  the  probe  is 
placed  on  the  sclera  directly  over  the  area  of  the 
"tumor,"  the  symmetrically  round  shape,  and  the 
absence  of  subretinal  fluid.  If  the  diagnosis  remains 
in  doubt,  then  an  immersion  scan  can  be  performed 


Fig.  1  B-scan  with  peripheral  view  of  cataractous  lens 
(arrow) 

that  will  demonstrate  a  cataractous  lens  and  the 
absence  of  a  tumor. 

Another  lens  tumor- simulating  artifact  is  a  dislo- 
cated cataractous  lens  that  rests  on  the  posterior 
retina.  This  can  be  particularly  deceiving  in  a 
patient  with  opaque  media,  such  as  a  cloudy  cornea 
in  which  the  presence  or  absence  of  the  lens  in  its 
normal  retroiridial  position  cannot  be  determined 
on  slit-lamp  examination. 
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Case  Study  165.  Pseudomelanoma  and  Cataract 


Fig.  2  Left:  immersion  scan  of  cataractous  lens  with  10-MHz  probe  {arrow).  Right:  immersion  scan  of  lens  with 
20-MHz  probe  {arrows) 


Fig.  3  Left  top  and  bottom:  B-scans  of  peripheral  views  of  cataractous  lens  {arrows).  Right:  simulates  a  retinoblas- 
toma {arrow) 


Case  Study  166 

Pseudomelanoma  and  Dislocated  Lens 


CD  is  a  43-year-old  man  with  a  history  of  a  serious 
infection  in  his  left  eye  years  ago  that  resulted  in  some 
decreased  sight  in  that  eye.  His  vision  had  decreased 
slowly  since  that  time  and  was  very  poor  at  the  time  of 
presentation  to  an  optometrist.  Examination  found 
vision  in  that  eye  of  counting  fingers  at  1  m  and  20/30 
in  the  right  eye.  Slit-lamp  examination  showed  scar- 
ring of  the  left  corneal  stroma  with  a  poor  view  of  the 
anterior  chamber  and  lens. 

The  fundus  could  not  be  visualized,  so  B-scan  was 
performed  with  the  appearance  of  a  mass  near  the 
inferior  equator.  B-scan  showed  a  round  symmetrical 
lesion  on  the  posterior  pole  (Fig.  1).  This  lesion  was 
solid  with  low  internal  reflectivity  on  A-scan  (Fig.  2). 

However,  when  the  patient  was  asked  to  move  his 
eye,  the  lesion  rolled  along  the  fundus  to  a  new  posi- 
tion with  the  resultant  diagnosis  of  a  dislocated  lens, 
and  the  patient  was  reassured  that  he  did  not  have  can- 
cer. It  was  elected  to  defer  treatment  unless  he  decided 
at  some  point  to  undergo  penetrating  keratoplasty.  A 
combined  procedure  with  a  fragmatome  lensectomy 
and  vitrectomy  would  then  be  the  operation  of  choice. 

The  differential  diagnosis  of  anterior  segment 
tumors  includes  such  entities  as  ciliary  body  cysts, 
medulloepitheliomas,  leiomyomas,  and  adenomas  of 
the  nonpigmented  ciliary  epithelium.  Cystic  lesions 
are  the  most  common  of  these  entities  and  are  readily 
detected  on  immersion  imaging  by  high-frequency 
ultrasound.  Primary  cysts  are  of  neuroepithelial  ori- 
gin and  are  usually  located  at  the  iridociliary  junc- 
tion. They  are  often  detected  on  routine  slit-lamp 
examination  as  a  focal  bulge  in  the  iris.  Single  cysts 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


Fig.  1  B-scan  of  dislocated  cataractous  lens  (arrow) 


Fig.  2  A-scan  of  dislocated  cataractous  lens  (arrows) 


are  most  common,  but  multiple  cysts  are  found  in 
over  one-third  of  the  cases  according  to  Marigo  et  al. 
[69].  Immersion  ultrasound  scanning  with  a  standard 
10-MHz  B-scan  probe  can  detect  cysts  over  1  mm  in 
diameter.  The  resolution  is  much  better  with  higher 
frequency  probes  (20,  35,  and  50  MHz),  with  the 
ability  to  detect  very  small  cysts  in  the  30-um  range. 
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Case  Study  167 

Iris  Cysts 


RP  is  a  22-year-old  woman  who  was  seen  by  her 
optometrist  for  a  routine  eye  examination.  She  was 
noted  on  slit-lamp  inspection  to  have  a  bulge  in  the 
left  temporal  iris.  Her  pupil  was  dilated,  and  no  ret- 
roiridial  or  ciliary  mass  could  be  detected. 
Transillumination  was  performed  and  no  pigmented 
lesion  was  seen. 

Immersion  echography  was  performed  with  both 
20-  and  50-MHz  probes.  One  larger  and  several 
smaller  iris  cysts  were  seen  (Fig.  1).  The  patient 
was  reassured  that  this  was  a  benign  lesion  without 
any  evidence  of  malignancy. 

Large  pigment  epithelial  cysts  may  displace  the 
iris  anteriorly  resulting  in  angle-closure  glaucoma. 
They  mechanically  push  the  iris  forward  and  nar- 
row the  angle.  Marigo  et  al.  state  that  when  multi- 
ple cysts  involve  more  than  180°  of  the  iris,  then 
angle  closure  with  elevated  intraocular  pressure 
may  develop  [69].  This  occurs  in  about  10  %  of 
patients  with  these  cysts. 


Fig.  1  Ultrasound  biomicroscopy  of  large  ciliary  body 
cyst  (large  arrow)  and  several  smaller  cysts  (small  arrow) 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 
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Case  Study  168 

Iris  Cyst  with  Angle  Closure 


TA  is  a  43 -year-old  man  who  presented  to  his 
ophthalmologist  with  complaints  of  intermittent 
pain  and  blurred  vision  in  his  right  eye.  The  visual 
acuity  was  20/20  in  both  eyes,  and  intraocular  pres- 
sure was  measured  to  be  21  mm  in  the  right  eye  and 
16  mm  in  the  left.  Slit-lamp  examination  showed 
narrowing  of  the  temporal  angle  of  the  right  eye, 
and  gonioscopy  confirmed  a  closed  angle  tempo- 
rally but  a  2+  open  angle  superiorly,  nasally,  and 
inferiorly.  The  opposite  eye  had  a  2  to  3+  open 
angle  for  360°. 

Immersion  ultrasound  using  a  50-MHz  probe 
demonstrated  large  ciliary  and  retroiridial  cysts  that 
bowed  the  iris  anteriorly  and  closed  the  temporal 
angle  (Fig.  1).  Because  of  the  chronic  nature  of  the 
problem  in  this  patient,  it  was  elected  to  treat  him 
with  topical  medication  to  lower  the  pressure  and 
defer  surgical  intervention  pending  uncontrollable 
pressure  from  further  angle  closure. 

Focal  angle  closure  can  also  be  a  result  of  epithe- 
lial "pearl"  formation  and  retained  cortex  in  the 
capsular  bag.  This  can  create  a  mass  effect  with 
mechanical  pressure  on  the  iris  that  bows  it  forward 
and  narrows  the  angle. 


Fig.  1  Ultrasound  biomicroscopy  of  ciliary  body  cyst 
{bottom  arrow)  with  iris  bowing  {top  arrow) 
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Case  Study  169 

Epithelial  Cyst  of  Posterior  Capsule 


JE  is  a  43 -year-old  man  who  was  born  with  con- 
genital cataracts.  He  underwent  bilateral  lens  nee- 
dling procedures  as  a  teenager.  He  had  vision  in  the 
20/80  range  in  both  eyes  until  a  few  months  before 
presentation  to  an  ophthalmologist  with  complaints 
of  a  reduction  of  vision  in  his  right  eye.  Examination 
showed  vision  of  20/100  in  that  eye  and  20/80  in 
the  left  eye.  The  pupils  were  under  3  mm,  updrawn, 
and  minimally  reactive  to  direct  light.  Slit-lamp 
examination  showed  a  bulge  in  the  temporal  iris 
with  the  appearance  of  a  pigmented  mass  on  trans- 
illumination. The  posterior  pole  could  be  visualized 
on  fundus  examination,  but  the  peripheral  retina 
and  ciliary  body  could  not  be  seen. 

Echography  demonstrated  the  posterior  lens  cap- 
sule with  the  appearance  of  a  solid  lesion  arising 
from  it  and  bowing  the  iris  forward  by  direct  pres- 
sure (Fig.  1).  This  image  was  consistent  with  lens 
epithelium  and  cortex  organized  into  a  retroiridial 
mass  with  focal  angle  closure,  but  a  neoplastic  pro- 
cess, such  as  melanoma,  could  not  be  totally  elimi- 
nated. The  patient  was  instructed  to  return  for 
repeat  immersion  scanning  in  4  months. 

Rare  tumors  of  the  anterior  segment  include  ade- 
noma of  the  iris  pigment  epithelium  that  can  erode 
through  the  stroma  and  become  visible  on  slit-lamp 
examination.  According  to  Shields  et  al.  [70]  these 


lesions  can  be  differentiated  from  ciliary  body  mel- 
anomas on  the  basis  of  transillumination  and  care- 
ful slit-lamp  examination  with  gonioscopy.  They 
have  a  solid  appearance  on  echography. 

Other  lesions,  such  as  adenoma  and  adenocarci- 
noma of  the  nonpigmented  ciliary  body  epithelium 
(NPCE),  are  acquired,  versus  medulloepitheliomas, 
which  are  congenital  tumors  derived  from  the 
NPCE.  Shields  states  that  they  can  be  distinguished 
from  ciliary  body  melanomas  by  a  complete  lack  of 
pigment,  lack  of  sentinel  vessels,  and  a  generally 
smaller  size  than  melanomas.  The  echographic 
findings  are  nonspecific. 

Rarely,  leiomyomas  can  involve  the  ciliary 
body  and  peripheral  choroid.  Shields  [70]  reports 
that  they  are  most  common  in  women  in  the  third 
decade  of  life.  An  important  echographic  feature 
in  some  cases  is  a  normal  choroidal  layer,  suggest- 
ing that  this  tumor  is  located  in  the  suprauveal 
space.  This  fact  is  significant  in  the  surgical  treat- 
ment of  these  lesions.  They  could  potentially  be 
removed  from  the  suprachoroidal  space  without 
disruption  of  the  adjacent  choroid  with  a  good 
visual  result. 

Lesions  categorized  under  the  heading  of  leuko- 
coria  include  intraocular  tumors,  inflammatory 
lesions,  and  developmental  conditions. 
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Case  Study  169.  Epithelial  Cyst  of  Posterior  Capsule 


Fig.  1  Left:  immersion  scan  with  50-MHz  probe  of  posterior  capsule  pearls  {bottom  arrow)  with  iris  bulge  {top 
arrow).  Right:  20-MHz  image  of  the  same  lesion  {arrow) 


Part  VII 

Leukocoria 


Leukocoria  (white  pupil)  refers  to  a  diverse  group  of 
conditions  generally  in  the  pediatric  age  group  that 
can  pose  diagnostic  challenges  for  the  clinician. 
Shields  [71,  72]  reviewed  a  series  of  500  patients 
referred  with  the  clinical  diagnosis  of  possible 
retinoblastoma.  Retinoblastoma  was  confirmed  in 
288  patients  (58  %),  but  simulating  lesions  (non- 
retinoblastoma)  were  found  in  212  patients  (42  %). 
The  most  common  entities  that  simulated  retino- 
blastoma were  PHPV  (persistent  hyperplastic  pri- 
mary vitreous)  in  28  %,  Coats'  disease  in  16  %,  and 
ocular  toxocariasis  in  16  %.  Less  common  entities 
in  the  series  included  congenital  cataracts,  retinopa- 
thy of  prematurity,  chorioretinal  coloboma,  and 


retinal  dysplasia.  Echography  plays  a  major  role  in 
the  differential  diagnosis  of  these  conditions. 

The  correct  diagnosis  of  retinoblastoma  is  criti- 
cal to  direct  timely  and  appropriate  therapy.  The 
average  age  of  patients  with  this  lesion  is  under  2 
years  but  they  have  been  reported  in  adults.  Even 
though  it  is  rare,  the  differential  diagnosis  of  an 
amelanotic  mass  in  an  adult  should  include  retino- 
blastoma. Biswas  et  al.  [73]  reported  on  three  cases 
of  adults  with  retinoblastomas  and  summarized  20 
cases  from  the  literature.  Two  of  their  cases  were 
noncalcified.  Most  of  the  patients  reported  in  the 
literature  had  posterior  lesions,  but  this  tumor  can 
rarely  present  peripherally. 
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Case  Study  170 

Retinoblastoma  in  an  Adult 


AH  is  a  3 5 -year-old  man  who  presented  to  his 
ophthalmologist  with  the  complaint  of  floaters 
and  reduced  vision  in  his  right  eye  for  several 
months.  Examination  documented  vision  of  20/40 
in  that  eye  and  20/20  in  the  left  eye.  Slit-lamp 
examination  revealed  trace  cells  in  the  anterior 
chamber  and  an  inferior  sector  cataract.  Fundus 
examination  showed  1+  vitreous  cells  and  what 
appeared  to  be  inflammatory  debris  near  the  6:00 
pars  plana. 

B-scan  demonstrated  a  probable  mass  in  the 
inferior  peripheral  fundus  (Fig.  1).  Internal  reflec- 
tivity was  difficult  to  characterize  because  of  the 
very  peripheral  location  of  the  lesion.  Several 
probable  calcium  flecks  were  detected  within  the 
lesion  on  B-scan.  An  immersion  scan  was  not  per- 
formed at  that  time.  The  differential  diagnosis 
included  melanoma,  medulloblastoma,  and  other 
solid  tumors. 

A  needle  biopsy  was  performed,  and  malignant 
cells  consistent  with  retinoblastoma  were  docu- 
mented on  cytological  analysis.  The  patient  elected 
to  have  his  eye  enucleated,  and  a  retinoblastoma 
was  confirmed.  Although  retinoblastoma  is  rare  in 
adults,  it  is  the  most  common  malignant  ocular 
tumor  in  children,  where  it  often  presents  as 
leukocoria. 

The  role  of  echography  in  the  workup  of  leuko- 
coria is  invaluable.  The  various  entities  in  the  dif- 
ferential diagnosis  that  can  be  elucidated  by 
echography  include  retinoblastoma,  medulloepi- 
thelioma,  toxocara,  Coats'  disease,  retinal  detach- 
ment (including  that  seen  in  incontinentia  pigmenti 
and  Nome's  disease),  persistent  hyperplastic  pri- 
mary vitreous  (PHPV),  and  retinopathy  of  prematu- 
rity (ROP). 


The  most  serious  entity  in  the  differential  of  leu- 
kocoria is  retinoblastoma,  which  is  a  potentially 
life- threatening  tumor  for  which  timely  diagnosis 
and  treatment  are  mandatory.  The  prognosis  for 
survival  has  improved  dramatically  with  modern 
treatment,  including  radiation  and  chemotherapy, 
with  a  survival  rate  approaching  95  %  in  developed 
countries.  Unfortunately,  these  tumors  are  a  signifi- 
cant cause  of  mortality  in  developing  countries 
because  many  patients  are  not  seen  for  medical  care 
until  relatively  late  in  the  progress  of  the  disease. 
The  incidence  of  retinoblastoma  is  about  the  same 
in  blacks  and  Asians  as  among  Caucasians.  This  is 
opposed  to  choroidal  melanomas  that  are  much 
more  common  among  fair-skinned  populations  in  a 
ratio  of  18:1  [74]. 


Fig.  1  B-scan  of  peripheral  lesion  containing  calcium 

(arrow) 
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Case  Study  170.  Retinoblastoma  in  an  Adult 


Ultrasound  has  made  the  challenging  evaluation 
of  leukocoria  a  much  easier  task  than  in  the  past. 

The  ability  of  echography  to  detect  calcium  is  the 
major  differential  feature  that  enables  the  diagnosis 


of  retinoblastoma  with  a  98  %  degree  of  accuracy 
when  calcification  is  present.  It  is  estimated  that 
about  90-95  %  of  these  tumors  contain  calcium  that 
is  often  scattered  in  clumps  within  the  tumor. 


Case  Study  171 

Bilateral  Retinoblastoma 


ML  is  a  2. 5 -year-old  girl  who  was  included  in  a 
family  photo  sent  out  as  a  Christmas  card.  An  oph- 
thalmologist acquaintance  received  one  of  the  cards 
and  noticed  that  the  child  had  a  bilateral  white 
pupillary  reflex  caught  in  the  camera  flash.  He  con- 
tacted the  parents  and  suggested  they  seek  immedi- 
ate consultation.  The  girl  was  seen  the  next  day  by 
a  pediatric  ophthalmologist  who  verified  bilateral 
leukocoria  and  made  a  tentative  diagnosis  of 
retinoblastoma. 

She  underwent  an  examination  under  anesthesia 
the  next  day  and  echography  was  performed. 
Bilateral  subretinal  masses  were  detected  with  the 
one  in  the  right  eye  almost  filling  the  globe  (Figs.  1 
and  2)  and  the  left  measuring  just  over  8  mm.  High 
reflectivity  on  A-  and  B-scan  consistent  with  cal- 
cium deposits  was  documented  in  both  lesions.  The 
right  eye  (with  the  larger  tumor)  was  enucleated 
and  the  left  was  treated  by  radiation.  This  was  stan- 
dard treatment  for  retinoblastoma  at  the  time,  but 
current  therapy  usually  includes  chemotherapy 
with  an  attempt  to  reduce  the  tumor  mass. 

The  presence  of  calcium  in  an  intraocular  mass 
in  a  child  is  almost  pathognomonic  of  retinoblas- 
toma; however,  about  5-10  %  of  these  malignant 
tumors  do  not  contain  calcium. 


Fig.  1  A- scan  of  retinoblastoma  (arrows) 


Fig.  2  B-scan  of  the  lesion  (arrows) 
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Case  Study  172 

Retinoblastoma 


DH  is  a  3 -year-old  child  who  was  brought  in  to  see 
the  ophthalmologist  because  her  parents  noted 
drifting  of  her  left  eye.  Clinical  examination  by  an 
ophthalmologist  found  vision  in  her  right  eye  of 
20/30  on  the  picture  chart  and  20/100  in  her  left 
eye.  The  anterior  segment  examination  of  both  eyes 
was  normal,  but  fundus  exam  of  the  left  eye  was 
difficult  because  of  diffuse  vitreous  opacities. 
There  was  the  impression  of  a  possible  mass  lesion 
in  the  posterior  and  temporal  aspect  of  the  globe. 

Computed  tomography  scan  revealed  a  probable 
subretinal  mass  without  evidence  of  calcification 


(Fig.  1).  The  child  was  referred  for  echography,  and 
B-scan  documented  a  temporal  lesion  with  a  few 
scattered  calcific  flecks  (Fig.  2).  The  diagnosis  of 
retinoblastoma  was  made  on  this  basis,  and  treat- 
ment with  chemotherapy  was  initiated. 

A  variant  of  retinoblastoma  is  the  diffuse  infil- 
trating type.  This  lesion  occurs  in  older  children 
(average  age,  6  years  old)  and  is  more  common  in 
males.  There  is  no  family  history  of  tumor,  as 
opposed  to  typical  solid  retinoblastoma  in  which 
5-8  %  of  patients  have  a  relative  with  the  neoplasm. 
The  majority  of  these  tumors  do  not  contain  cal- 
cium. Bhatnagar  and  Vine  [76]  reported  that  only  4 
out  of  28  cases  were  calcified.  These  children  com- 
monly present  with  symptoms  and  signs  of  inflam- 
mation compared  to  typical  patients,  who  are  first 
detected  on  the  basis  of  a  white  pupil. 


Fig.  1  Computed  tomography  of  retinoblastoma  failing  Fig.  2  B-scan  of  retinoblastoma  with  faint  calcification 
to  show  calcium  (arrow)  (arrow) 
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Case  Study  173 

Infiltrating  Retinoblastoma 


TB  is  a  7 -year-old  boy  who  was  brought  to  an  oph- 
thalmologist because  the  parents  noted  a  red  left 
eye  in  their  child,  who  complained  that  it  "hurt  a  lot 
of  the  time."  He  was  taken  to  an  ophthalmologist, 
and  examination  documented  visual  acuity  in  the 
right  eye  of  20/25  and  the  left  eye  of  20/200.  Slit- 
lamp  examination  revealed  1+  cells  and  flare  in  the 
left  anterior  chamber,  and  fundus  examination 
found  3+  vitreous  cells  and  a  hazy  view  of  the  fun- 
dus with  a  vague  impression  of  retinal  elevation 
temporal  to  the  macula.  The  differential  diagnosis 
included  Coat's  disease. 

Echography  was  performed,  and  B-scan  demon- 
strated moderate  vitreous  cells  with  a  subretinal 


mass  temporally.  No  calcium  was  detected  in  the 
lesion.  A- scan  showed  medium  internal  reflectivity 
(Fig.  1).  The  differential  diagnosis  included  a  non- 
calcified  retinoblastoma  and  was  reported  to  the 
referring  ophthalmologist  with  the  statement,  "a 
subretinal  mass  in  a  child  is  a  retinoblastoma  until 
proven  otherwise."  An  anterior  chamber  tap  was 
performed,  and  cytology  was  consistent  with  reti- 
noblastoma. The  child  was  treated  with  chemother- 
apy with  regression  of  the  tumor. 

Retinoblastomas  can  occur  in  an  endophytic 
(growth  into  the  vitreous)  or  an  exophytic  form 
(growth  under  the  retina),  but  some  tumors  display 
elements  of  both  growth  patterns. 


Fig.  1  Left'.  A-scan  of  a  mildly  elevated  mass  in  a  child  {arrows).  Right:  B-scan  of  the  lesion  {arrow) 
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Case  Study  174 

Endophytic  Retinoblastoma 


AA  is  a  2-year-old  child  who  was  noted  by  his 
mother  to  have  a  strange  reflex  from  his  right  eye. 
She  took  him  to  her  pediatrician  who  could  not  get 
a  red  reflex  from  that  eye  and  referred  him  to  a 
pediatric  ophthalmologist.  An  examination  under 
anesthesia  was  scheduled  for  the  next  day,  and 
arrangements  were  made  for  an  ultrasound  unit  to 
be  available  in  the  operating  room.  Fundus  exam 
revealed  a  large  pale  white  mass  which  obscured 
retinal  vessels.  Echography  showed  a  noncalcified 
mass  partially  filling  the  globe  felt  to  be  consistent 
with  an  endophytic  retinoblastoma,  but  Coat's  dis- 
ease could  not  be  ruled  out  (Fig.  1). 

The  ultrasound  probe  can  quickly  scan  the  globe 
through  the  eyelids  even  in  a  noncooperative  child.     Fig.  1  Noncalcified  mass  (arrow) 
The  rare  occurrence  of  intraocular  pathology  in  a 
supposedly  normal  child  can  be  detected  by  this 
technique. 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_174,  ©  Springer  Science+Business  Media  New  York  2014 


Case  Study  175 

Retinoblastoma 


RM  is  a  4-year-old  child  who  was  brought  in  by 
his  mother  for  a  routine  prekindergarten  examina- 
tion. He  was  relatively  uncooperative  for  the  fun- 
dus examination.  Indirect  ophthalmoscopy  was 
attempted,  but  only  a  fleeting  view  of  either  fun- 
dus could  be  obtained.  The  ophthalmologist  justi- 
fiably felt  that  the  examination  was  adequate  in  an 
otherwise  normal  child  without  specific  com- 
plaints. He  told  the  mother  to  bring  him  back  in  a 
year  unless  there  were  eye  problems.  A  week  later 
he  fell  off  a  chair  and  struck  his  head  and  experi- 
enced a  brief  loss  of  consciousness.  A  CT  scan 
was  obtained  at  the  emergency  room  with  no  head 
trauma  noted,  but  incidentally  a  calcified  mass 
was  detected  in  the  superior  temporal  periphery  of 
the  left  eye.  He  was  referred  to  a  pediatric  oph- 
thalmologist for  fundus  examination.  This  could 
not  be  adequately  performed  in  the  office,  so  an 
examination  under  anesthesia  was  later  performed. 
A  solid  mass  was  noted  in  the  superior  temporal 
fundus  of  the  left  eye. 

Echography  demonstrated  a  solid  mass  measur- 
ing 8.13  mm  in  thickness  and  over  11  mm  at  the 
base.  A-  and  B-scan  both  showed  medium-to-high 
internal  reflectivity  consistent  with  calcium  deposi- 
tion (Fig.  1).  These  findings  were  highly  consistent 
with  retinoblastoma.  The  child  was  referred  to 
pediatric  oncology  for  management.  His  mother 
was  very  concerned  that  the  primary  ophthalmolo- 
gist had  missed  the  tumor  and  asked  the  pediatric 
ophthalmologist  if  she  should  consider  legal  action. 

Leukocoria  is  a  frequent  presenting  sign  of  per- 
sistent hyperplastic  primary  vitreous  or  PHPV.  This 
condition  is  due  to  persistence  of  the  fetal  hyaloid 


artery  and  the  presence  of  retrolental  material  with  a 
vitreous  stalk  attaching  to  the  posterior  pole.  It  usu- 
ally occurs  unilaterality  in  a  microphthalmic  eye. 

Echography  is  useful  in  demonstrating  the  retro- 
lental material,  the  vitreous  stalk,  and  the 
microphthalmia. 


Fig.  1  Top:  A-scan  of  retinoblastoma  {vertical  arrows). 
Bottom:  B-scan  of  retinoblastoma  {arrow) 
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Case  Study  176 

Persistent  Hyperplastic  Primary  Vitreous 


RS  is  a  3 -month-old  baby  boy  who  was  noted  by 
his  mother  to  have  a  white  pupil  in  the  left  eye 
while  she  was  nursing  him.  The  family  comprehen- 
sive ophthalmologist  thought  he  had  a  congenital 
cataract  and  scheduled  him  for  cataract  surgery. 
The  child's  mother  sought  a  second  opinion  from  a 
pediatric  ophthalmologist  who  referred  him  for  an 
ultrasound  evaluation. 

Echography  revealed  dense  retrolental  material 
with  a  high-reflective  stalk  attaching  near  the  mac- 
ula (Fig.  1).  The  axial  length  of  the  right  eye  mea- 
sured 22  mm  and  the  left  eye  measured  19.5  mm. 
The  diagnosis  of  persistent  hyperplastic  primary 
vitreous  (PHPV)  was  made,  and  a  vitreoretinal  spe- 
cialist was  consulted,  anticipating  the  need  for  vit- 
rectomy in  conjunction  with  lensectomy.  The 
parents  were  informed  that  the  prognosis  for  useful 
vision  was  guarded. 

The  spectrum  of  PHPV  extends  from  mild  retro- 
lental tissue  with  a  thin  stalk  extending  towards  the 
optic  nerve  to  severe  posterior  segment  pathology. 


Fig.  1  Top:  A- scan  of  persistent  hyperplastic  primary 
vitreous  with  stalk  {arrow).  Bottom:  B-scan  of  the  stalk 

(arrow) 
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Case  Study  177 

Retrolenticular  PHPV 


AA  is  a  6-month-old  baby  who  was  reported  by  her 
mother  as  "having  something  wrong"  with  her  left 
eye.  She  took  the  baby  to  an  optometrist  who  could 
not  detect  a  red  reflex  and  diagnosed  a  cataract.  He 
referred  her  to  a  pediatric  ophthalmologist  who 
scheduled  an  examination  under  anesthesia  and 
arranged  to  have  ultrasound  as  part  of  the  evalua- 
tion. The  eye  was  examined  under  the  operating 
microscope,  and  the  presence  of  a  dense  lens  opac- 
ity was  verified,  but  it  was  not  certain  if  it  was  the 
lens  or  just  posterior  to  it.  Echography  demon- 
strated a  normal  posterior  segment,  and  no  vitreous 
stalk  was  seen  after  careful  inspection.  An  immer- 
sion technique  was  done  with  a  20-MHz  probe  and 
showed  a  dense  retrolental  opacity  consistent  with  FlG-  1  B"scan  of  lens  (arrow^  with  retrolental  opacity 
PHPV  (Fig.  1). 

Other  retrolental  lesions  in  children  include  malig- 
nancies such  as  medulloepithelioma  (diktyoma). 
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Case  Study  178 

PHPV  Misdiagnosed  Diktyoma 


A  A  is  a  3 -month-old  baby  who  was  noted  by  the 
pediatrician  to  have  a  white  reflex  in  the  right  pupil. 
He  was  referred  to  a  pediatric  ophthalmologist  who 
performed  an  examination  under  anesthesia. 
Echography  was  performed  as  part  of  this  exam 
which  revealed  some  thickening  at  the  nasal  iris 
root.  A  specific  mass  was  not  seen,  but  a  tumor 
could  not  be  ruled  out.  The  EUA  was  repeated  with 
some  increase  in  thickness  of  the  lesion.  This  con- 
tinued over  the  next  2  months,  and  the  lesion  was 
noted  to  be  growing  across  the  back  of  the  lens  by 
immersion  ultrasound  (Fig.  1).  The  pediatric  oph- 
thalmologist was  concerned  enough  about  the  pos- 
sibility of  a  diktyoma  (medulloepithelioma)  to  do  a 
needle  biopsy,  but  the  cytology  was  nonspecific.  He 
had  discussed  the  possibility  of  enucleation  with 
the  parents  and  proceeded  with  this  procedure. 


However,  pathology  was  consistent  with  persistent 
hyperplastic  primary  vitreous  (PHPV),  and  no 
malignancy  was  identified. 

Coat's  disease  is  another  condition  that  is  some- 
times mistaken  for  an  intraocular  malignancy.  This 
is  usually  a  unilateral  condition  found  in  males  two 
thirds  of  the  time  in  the  8-month  to  18-year-old  age 
group.  It  is  the  result  of  excessive  permeability  of 
retinal  capillaries  causing  subretinal  lipid  exuda- 
tion. Echography  often  demonstrates  a  convection- 
like movement  of  cholesterol  deposits  under  the 
retina.  The  various  pathological  entities  resulting  in 
leukocoria  can  be  subtle  and  be  missed  on  gross 
examination  by  the  non-ophthalmologist.  Mothers 
often  have  an  innate  sense  of  when  something  is 
wrong  with  their  child's  eye,  and  the  pediatrician  is 
advised  to  take  her  concerns  very  seriously. 


Fig.  1  Left  B-scan  of  lesion  growing  along  posterior  lens  capsule  {arrow).  Right:  Increasing  size  of  lesion  {arrow) 
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Case  Study  179 

Coat's  Disease  Misdiagnosed 
as  Retinoblastoma 


AA  is  a  2-year-old  boy  whose  mother  noted  that  his 
left  eye  "just  didn't  look  right."  She  took  him  to  her 
pediatrician  who  could  not  get  a  good  red  reflex 
from  that  eye,  so  he  referred  the  child  to  a  pediatric 
ophthalmologist.  Examination  in  the  clinic  revealed 
leukocoria  in  that  eye  so  he  was  sent  for  echogra- 
phy. B-scan  showed  subretinal  exudate  with  an 
apparent  anterior  mass  lesion  (Fig.  1).  There  was 
the  suggestion  of  fine  high-reflective  opacities  con- 
sistent with  calcium  on  B-scan,  so  retinoblastoma 
was  foremost  in  the  differential  diagnosis.  The  situ- 
ation was  discussed  at  length  with  the  parents  who 
finally  opted  for  enucleation  because  of  the  possi- 
bility of  a  malignant  tumor.  The  final  pathological 
diagnosis  was  Coat's  disease  with  no  evidence  of 
malignancy  and  no  calcium.  This  case  illustrates 
the  difficulty  in  the  diagnosis  of  a  noncalcified 
mass  lesion  in  a  child. 


Fig.  1  B-scan  of  subretinal  opacity  (first  arrow)  and 
retina  (second  arrow) 
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Case  Study  1 80 

Coat's  Disease 


CG  is  a  10-year-old  boy  who  was  noted  by  his 
mother  to  have  a  "glassy-eyed"  appearance  in  his 
left  eye  in  certain  lighting  conditions.  He  had  not 
complained  about  problems  with  this  eye,  but  was 
unable  to  see  the  television  when  his  mother  cov- 
ered the  normal  eye.  He  was  seen  by  his  ophthal- 
mologist, who  documented  vision  20/20  OD  and 
20/400  OS.  The  slit-lamp  examination  was  normal, 
but  the  fundus  examination  on  the  left  showed  an 
elevated  yellowish  subretinal  "mass"  temporally 
and  into  the  macula. 

Echography  revealed  subretinal  exudation  with 
the  slow  spontaneous  convective  flow  consistent 
with  cholesterol  (Fig.  1).  No  mass  lesion  was  noted, 
and  the  opposite  eye  was  normal  without  evidence 
of  retinal  elevation. 

Leukocoria  is  a  frequent  presenting  sign  of 
persistent  hyperplastic  primary  vitreous  or  PHPV. 


This  condition  is  due  to  persistence  of  the  fetal 
hyaloid  artery  and  the  presence  of  retrolental 
material  with  a  vitreous  stalk  attaching  to  the 
posterior  pole.  It  usually  occurs  unilaterally  in  a 
microphthalmic  eye. 

Echography  is  useful  in  demonstrating  the  retro- 
lental material,  the  vitreous  stalk,  and  the 
microphthalmia. 

The  second  most  common  tumor  in  children 
that  may  present  as  leukocoria  is  medulloepithe- 
lioma  or  diktyoma.  This  lesion  is  most  often 
found  in  the  anterior  segment,  where  it  arises 
within  the  ciliary  body,  but  it  can  rarely  occur  in 
the  optic  nerve  because  it  originates  from  the 
primitive  medullary  epithelium  (inner  layer  of  the 
optic  cup).  It  has  malignant  potential  and  can 
recur  locally  after  resection  with  invasion  of  adja- 
cent tissues. 


Fig.  1  Left:  A- scan  probe  directly  over  lesion  of  Coat's  disease  with  cholesterol  (arrows).  Right:  transocular  B-scan 
of  the  subretinal  space  {arrow) 
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Case  Study  180.  Coat's  Disease 


Fig.  2  Left:  pathological  specimen  of  a  diktyoma  (arrow).  Right:  microscopic  anatomy  of  the  lesion 


Echographic  findings  include  heterogeneous 
reflectivity  that  correlates  to  the  variable  pathologi- 
cal structure  of  medulloepithelioma  (Fig.  2). 
Broughton  and  Zimmerman  [76]  divide  these 
tumors  into  nonteratoid  diktyoma,  which  is  a  dense 
proliferation  of  cells  and  is  low-to-medium  reflec- 
tive on  A- scan.  The  teratoid  type  can  have  a  num- 
ber of  tissue  elements  including  skeletal  muscle, 
cartilage,  and  brain,  with  resultant  heterogeneous 
A- scan  reflectivity.  Clinically,  these  foci  of  carti- 
lage in  a  teratoid  medulloepithelioma  appear  as 
chalky  opacities  within  the  tumor.  Shields  describes 
the  presence  of  neuroepithelial-lined  cysts  filled 
with  a  hyaluronic  acid  matrix  seen  clinically  in 
60  %  of  his  cases.  Such  cysts  would  create  addi- 


tional interfaces  for  sound  reflection  augmenting 
the  heterogeneity  of  the  A- scan  spikes. 

The  mean  age  of  presentation  is  4,  but  there  are 
reported  cases  in  adulthood.  Shields  et  al.  [77] 
describe  two  characteristic  clinical  findings  associ- 
ated with  medulloepithelioma.  One  of  these  is  a 
notch  in  the  lens,  called  a  lens  coloboma,  that  may  be 
the  earliest  sign  of  this  tumor  if  not  associated  with  a 
uveal  coloboma.  The  second  sign  is  the  formation  of 
a  cy clitic  membrane.  The  authors  recommend  that 
an  unexplained  cyclitic  membrane  in  a  child  should 
be  cause  to  eliminate  a  medulloepithelioma.  This 
lesion  can  present  in  a  child  with  leukocoria,  reduc- 
tion of  vision  due  to  cataract  formation,  or  pain  and 
redness  suggesting  intraocular  inflammation. 


Part  VII 

Leukocoria 


Leukocoria  (white  pupil)  refers  to  a  diverse  group  of 
conditions  generally  in  the  pediatric  age  group  that 
can  pose  diagnostic  challenges  for  the  clinician. 
Shields  [71,  72]  reviewed  a  series  of  500  patients 
referred  with  the  clinical  diagnosis  of  possible 
retinoblastoma.  Retinoblastoma  was  confirmed  in 
288  patients  (58  %),  but  simulating  lesions  (non- 
retinoblastoma)  were  found  in  212  patients  (42  %). 
The  most  common  entities  that  simulated  retino- 
blastoma were  PHPV  (persistent  hyperplastic  pri- 
mary vitreous)  in  28  %,  Coats'  disease  in  16  %,  and 
ocular  toxocariasis  in  16  %.  Less  common  entities 
in  the  series  included  congenital  cataracts,  retinopa- 
thy of  prematurity,  chorioretinal  coloboma,  and 


retinal  dysplasia.  Echography  plays  a  major  role  in 
the  differential  diagnosis  of  these  conditions. 

The  correct  diagnosis  of  retinoblastoma  is  criti- 
cal to  direct  timely  and  appropriate  therapy.  The 
average  age  of  patients  with  this  lesion  is  under  2 
years  but  they  have  been  reported  in  adults.  Even 
though  it  is  rare,  the  differential  diagnosis  of  an 
amelanotic  mass  in  an  adult  should  include  retino- 
blastoma. Biswas  et  al.  [73]  reported  on  three  cases 
of  adults  with  retinoblastomas  and  summarized  20 
cases  from  the  literature.  Two  of  their  cases  were 
noncalcified.  Most  of  the  patients  reported  in  the 
literature  had  posterior  lesions,  but  this  tumor  can 
rarely  present  peripherally. 
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Case  Study  181 

Medulloepithelioma 


AH  is  a  13-year-old  girl  who  complained  of 
reduction  of  vision  in  her  right  eye.  She  was  seen 
by  an  ophthalmologist,  who  documented  vision  of 
20/50-2  OD  and  20/20  OS.  Slit-lamp  examination 
found  a  sectorial  cataract  and  mild  vitreous  reac- 
tion. Careful  examination  of  the  fundus  periphery 
suggested  inflammatory  debris  near  the  ciliary 
body  adjacent  to  the  lens  opacity.  She  was  diag- 
nosed with  pars  planitis  and  treated  with  subtenon's 
triamcinalone  injections  on  two  occasions.  The 
peripheral  lesion  increased  in  size,  so  she  was 
referred  for  echography. 

Ultrasound  demonstrated  a  peripheral  lesion  by 
directing  the  probe  in  an  extreme  longitudinal 
direction  towards  the  1:00  position.  It  was  too 
peripheral  to  allow  differentiation,  but  there  was  the 
impression  of  high  internal  reflectivity.  Immersion 
scan  was  performed  with  a  10-MHz  probe,  and  a 
distinct  mass  lesion  was  imaged  (Fig.  1).  The  irreg- 
ular internal  reflectivity  in  an  anterior  tumor  was 
consistent  with  medulloepithelioma,  and  the  eye 
was  enucleated  with  pathological  confirmation  of 
the  diagnosis. 

A  rare  posterior  segment  cause  of  leukocoria  is 
an  optic  nerve  coloboma  which  may  be  isolated  or 
part  of  an  inferior  chorioretinal  coloboma. 


Fig.  1  Top:  peripheral  B-scan  view  of  a  diktyoma 
{arrow).  Bottom:  immersion  B-scan  of  the  lesion  {arrow) 
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Case  Study  1 82 

Optic  Nerve  Coloboma 


RH  is  a  6-month-old  baby  who  was  noted  by  his 
mother  to  have  a  white  pupillary  reflex  in  the  left 
eye.  He  was  referred  to  a  pediatric  ophthalmologist, 
who  suspected  PHPV  and  suggested  surgical 
removal  of  the  lens  with  the  parents.  The  child  was 
then  referred  for  ultrasound  to  rule-out  significant 
vitreous  pathology  that  would  require  the  assis- 
tance of  a  vitreoretinal  surgeon. 

B-scan  showed  possible  retrolental  opacity  but 
also  demonstrated  a  colobomatous  appearance  to 
the  optic  disc  (Fig.  1).  The  diagnosis  of  a  probable 
"morning  glory"  optic  nerve  coloboma  was  made, 
and  the  parents  were  informed  that  anterior  surgery 
would  probably  not  result  in  useful  vision  because 
of  the  optic  nerve  pathology.  They  elected  to  cancel 
the  surgery. 


Fig.  1  B-scan  of  optic  nerve  coloboma  (arrow) 


Leukocoria  in  the  setting  of  a  premature  infant 
who  received  supplemental  oxygen  therapy  is 
most  often  due  to  retinopathy  of  prematurity.  This 
condition  is  generally  bilateral  and  usually  occurs 
in  an  infant  less  than  1,500  g  in  birth  weight  and 
less  than  32  weeks  of  gestational  age.  Advanced 
forms  of  this  condition  can  result  in  retinal  detach- 
ment due  to  fibro vascular  traction.  Echography 
may  demonstrate  anterior  peripheral  loops  of  the 
detached  retina,  which  can  present  as  a  white  pupil 
(Fig.  2). 

Another  cause  of  leukocoria  is  toxocara.  This  is 
transmitted  to  humans  by  contact  with  fecal  mate- 
rial from  puppies  and  is  the  result  of  the  interruption 


Fig.  2  B-scan  of  anterior  retinal  loop  in  retinopathy  of 
prematurity  (arrow) 
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Case  Study  182.  Optic  Nerve  Coloboma 


of  the  normal  life  cycle  of  the  larvae  form  of  the 
parasite  Toxocara  canis.  It  is  usually  unilateral  and 
occurs  in  the  6-8 -year-old  age  group.  A  positive 
ELISA  test  is  diagnostic  in  the  clinical  setting  of  a 
child  with  intraocular  inflammation  with  a  history 
of  contact  with  puppies. 

Wan  and  colleagues  [78]  described  the  echo- 
graphic  findings  of  a  peripheral  calcified  granuloma 
with  a  vitreous  membrane  extending  from  the 
lesion  towards  the  posterior  pole  (Fig.  3). 

Congenital  cataracts  are  not  uncommon  but  are 
rarely  confused  with  other  causes  of  leukocoria. 
The  occurrence  of  lens  opacities  in  young  children 
necessitates  an  evaluation  to  rule  out  local  ocular  or 
systemic  pathology. 


Fig.  3  B-scan  of  a  peripheral  granuloma  in  toxocara 
(arrow) 


Case  Study  183 

Posterior  Lenticonus 


AA  is  a  4-year-old  child  who  was  noted  by  her 
mother  to  have  a  "wandering"  left  eye.  Her  pedia- 
trician found  reduced  vision  in  that  eye  on  the  pic- 
ture visual  acuity  chart  and  could  not  get  a  good  red 
reflex  in  that  eye.  She  was  referred  to  an  ophthal- 
mologist who  diagnosed  a  cataract  in  that  eye  and 
ordered  systemic  workup  to  attempt  to  determine 
why  a  4-year-old  had  a  cataract.  He  scheduled  her 
for  surgery  but  referred  her  for  ultrasound  to  evalu- 
ate the  posterior  pole  and  also  obtain  an  axial 
length.  Echography  diagnosed  a  bulging  of  the  pos- 
terior capsule  consistent  with  posterior  lenticonus 
(Fig.  1).  The  ophthalmologist  realized  that  this 
would  be  a  complicated  cataract  surgery  so  referred 
her  to  the  pediatric  ophthalmologist  at  the  univer- 
sity medical  center. 

Echography  plays  a  very  important  role  in  the 
evaluation  of  various  intraocular  and  peribulbar 
lesions.  It  can  detect  and  differentiate  various 
lesions  with  greater  accuracy  than  any  other  imag- 
ing modality.  The  performance  of  this  technique  by 
a  properly  trained  examiner  will  prove  invaluable  in 
the  clinical  setting. 


Fig.  1  Immersion  B-scan  (20  MHz)  of  bulge  in  posterior 
lens  capsule  (arrows) 
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Part  VIII 

Echography  in  Developing  Countries 


Ophthalmic  echography  can  play  a  unique  role  in 
the  clinical  practice  of  ophthalmology  in  emerging 
and  developing  countries.  These  areas  often  have 
limited  access  to  imaging  techniques,  such  as  com- 
puted tomography  (CT)  and  magnetic  resonance 
imaging  (MRI)  scanning.  The  multiple  obstacles  to 
the  utilization  of  these  modalities  for  the  average 
patient  include  cost,  waiting  time,  travel  distance, 
and  cultural  barriers.  The  availability  of  echogra- 
phy in  the  eye  clinic  can  directly  impact  the  quality 
of  care  in  these  countries. 

Ocular  and  orbital  pathology  usually  is  not  very 
different  from  that  seen  in  more  developed  parts  of 
the  world,  but  it  often  presents  at  advanced  stages 
that  render  diagnosis  and  treatment  more  difficult. 
It  is  common  to  encounter  mature  "white"  cata- 
racts, large  corneal  scars,  advanced  glaucoma, 


end- stage  vitreoretinal  pathology,  and  marked 
proptosis.  Such  conditions  have  often  been  present 
without  treatment  for  long  time  periods  because  of 
the  lack  of  medical  resources  in  the  local  area. 

Eye  trauma  with  concussive  or  penetrating  inju- 
ries is  frequently  not  treated  in  a  timely  fashion, 
which  can  result  in  globe  abnormalities  that  pre- 
clude adequate  visualization  of  the  posterior  seg- 
ment. The  potential  to  enhance  the  patient's  quality 
of  life  with  available  resources  is  inversely  propor- 
tional to  the  complexity  of  the  pathology.  Ultrasound 
can  rapidly  screen  out  those  who  are  not  realistic 
candidates  for  therapeutic  intervention  such  as  those 
with  mature  cataracts  which  mask  pathology  such 
as  retinal  detachment.  The  patient  can  be  advised  as 
to  his  prognosis  after  an  echographic  examination 
that  takes  only  a  few  minutes  to  perform. 


This  part  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


415 


Case  Study  1 84 

"T"  Retinal  Detachment 


JG  is  a  25-year-old  Honduran  man  who  was  struck 
in  the  eye  during  a  machete  fight  when  he  was  18 
years  old.  He  had  been  taken  to  the  emergency 
room  of  the  government  hospital  in  a  city  that  was 
several  hours  driving  distance  from  his  village.  It 
was  a  Friday  evening  and  the  emergency  room  had 
closed,  and  he  was  left  at  the  doorway  until  Monday 
morning  when  he  was  admitted  in  shock  after  los- 
ing over  half  of  his  total  blood  volume.  He  was 
taken  to  surgery  where  his  facial  lacerations  were 
repaired,  and  he  was  given  several  units  of  blood 
donated  by  his  relatives.  No  primary  repair  was 
performed  of  a  central  corneal  laceration. 

He  presented  to  the  eye  department  of  the  same 
hospital  7  years  later  when  he  heard  that  a  visiting 
team  from  the  USA  was  conducting  free  eye  screen- 
ing. He  had  traveled  for  half  a  day  by  bus  and 
walked  several  miles  to  reach  the  clinic.  He  stated 
that  his  extended  family  had  offered  to  try  to  raise 
the  money  to  pay  for  surgery  if  the  American  team 
would  perform  it. 

He  complained  of  intermittent  aching  pains  around 
his  right  eye.  The  eye  was  evaluated  and  found  to  have 
visual  acuity  of  bare  light  perception  with  20/30  in  the 
left  eye.  Slit-lamp  examination  with  a  portable  instru- 
ment showed  1+  conjunctival  injection  and  a  dense 
central  corneal  scar  with  the  appearance  of  iris  to  the 
wound.  The  anterior  chamber  could  not  be  adequately 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 


Fig.  1  B-scan  of  "T-sign"  (first  arrow)  detached  retina 
(second  arrow) 

visualized.  Intraocular  pressure  measured  7  mm  OD 
and  14  mm  OS.  The  fundus  could  not  be  seen. 

Echography  demonstrated  a  high-reflective, 
funnel-shaped  membrane  inserting  at  the  optic  disc. 
A  bridging  membrane  was  also  seen  anteriorly  con- 
necting the  sides  of  the  funnel  (Fig.  1).  The  diagno- 
sis of  a  total  retinal  detachment  was  made,  and  he 
was  informed  that  his  vision  could  not  be  restored 
and  he  should  not  waste  the  time  and  expense  to 
seek  care  at  the  main  government  hospital.  He  was 
started  on  prednisolone  acetate  and  atropine  drops 
and  offered  enucleation  if  the  pain  became  too 
severe.  He  was  educated  to  seek  immediate  atten- 
tion if  the  opposite  eye  showed  inflammatory 
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Case  Study  184:  "T"  Retinal  Detachment 


symptoms  indicative  of  sympathetic  ophthalmia, 
such  as  pain  and  redness. 

A  major  advantage  of  echography  in  such  con- 
ditions is  the  potential  to  avoid  the  unnecessary 
utilization  of  precious  resources  in  hopeless  situa- 
tions. Many  patients  with  treatable  eye  problems 


in  these  countries  are  denied  treatment  because  of 
the  lack  of  medical  and  surgical  supplies. 
Ultrasound  can  help  to  screen  out  those  patients 
with  irreversible  pathology  who  would  otherwise 
draw  from  a  pool  of  limited  supplies  and  profes- 
sional expertise. 


Case  Study  1 85 

Retinopathy  of  Prematurity  and  Retinal 
Detachment 


MA  is  a  9-month-old  Mongolian  girl  was  born  pre- 
maturely with  1.7-kg  birth  weight.  She  received 
supplemental  oxygen  for  an  extended  period  of 
time.  Her  mother  stated  that  her  daughter  would  not 
look  at  her  face  and  that  her  eyes  "wandered  back 
and  forth."  She  had  been  told  at  the  government 
hospital  that  cataract  surgery  could  be  attempted 
but  "there  might  be  some  complications,"  so  she 
sought  another  opinion  when  she  heard  that  some 
Japanese  eye  doctors  were  visiting  a  local  clinic. 

Examination  showed  an  absent  red  reflex  bilater- 
ally and  a  poor  view  of  the  fundi.  Lens  opacities 
were  noted  bilaterally.  The  child  had  a  moderate 
searching  pendular  nystagmus  and  would  not  fixate 
to  light  with  either  eye. 

B-scan  revealed  membranous  loops  in  the  right 
eye  consistent  with  an  anterior  retinal  detachment 
(Fig.  1).  Echography  of  the  left  eye  showed  a  high- 
reflective  "funnel"  inserting  into  the  optic  disc  that 


Fig.  1  B-scan  of  retinopathy  of  prematurity  with  anterior 
retinal  detachment  (arrow) 


was  typical  for  a  total  retinal  detachment  (Fig.  2). 
The  mother  was  told  that  the  prognosis  was  poor 
for  vision,  but  the  doctors  promised  to  discuss  the 
child's  case  with  a  vitreoretinal  specialist  when 
they  returned  to  Japan. 

Echography  can  help  to  identify  those  cases  that 
may  be  benefited  by  the  latest  surgical  instrumenta- 
tion in  expert  hands.  Patients  can  be  advised  to  seek 
such  care  if  available  in  their  own  country  or  to 
travel  to  other  areas  if  they  have  the  resources.  A 
number  of  nongovernmental  organizations  (NGO), 
such  as  ORBIS,  send  teams  of  ophthalmic  special- 
ists to  developing  countries,  and  this  can  provide  a 
resource  to  refer  appropriate  cases. 


Fig.  2  B-scan  of  retinopathy  of  prematurity  with  funnel 
retinal  detachment  (arrows) 
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Case  Study  186 

Macular  Detachment 


A  34-year-old  Mongolian  man  presented  with  a 
dense  cataract  in  his  left  eye.  There  was  a  history  of 
some  sort  of  systemic  infection  5  years  previously 
to  which  he  ascribed  the  onset  of  visual  problems  in 
the  eye.  The  visual  acuity  in  this  eye  was  measured 
at  light  perception,  while  uncorrected  vision  in  his 
right  eye  was  20/80.  There  was  a  2+  afferent  defect 
of  the  left  pupil.  Slit-lamp  examination  showed  a 
white  cataract  OS  and  a  clear  lens  OD.  Cycloplegic 
retinoscopy  revealed  a  refractive  error  in  the  right 
eye  of -3.00  +  5.00x90. 

Echography  of  the  left  eye  demonstrated  a  partial 
posterior  vitreous  detachment  with  moderately 
dense  intravitreal  opacities.  There  was  a  shallow 
retinal  detachment  of  the  posterior  pole  with  an 
area  of  vitreoretinal  traction  near  the  macula 
(Fig.  1).  He  was  informed  that  cataract  surgery 
would  restore  only  5-10  %  of  the  vision  in  that  eye. 
He  was  given  the  option  to  go  to  Russia  where  vit- 
reoretinal surgery  was  available  but  informed  that 
the  prognosis  for  central  vision  was  poor.  He  was 
discouraged  from  trying  to  find  the  resources  to 
make  the  trip  and  undergo  surgery  because  the 


Fig.  1  B-scan  of  vitreoretinal  traction  (arrow) 

vision  in  his  other  eye  could  be  improved  with 
spectacle  correction.  A  pair  of  glasses  was  obtained 
for  him  that  improved  the  vision  in  his  right  eye. 

Echography  can  be  a  useful  guide  to  those  cases 
in  which  surgery  might  not  only  be  futile  for  visual 
recovery  but  would  pose  significant  risk  for  the  loss 
of  a  future  opportunity  to  improve  vision. 
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Case  Study  1 87 

Advanced  Persistent  Hyperplastic 
Primary  Vitreous 


JH  is  a  23 -month-old  Bolivian  boy  who  had  never 
"used  his  eyes"  since  birth,  according  to  his  par- 
ents. Examination  found  no  fixation  to  light  with 
the  phthisical  right  eye,  but  there  was  some  inter- 
mittent fixation  with  the  left.  A  local  self-proclaimed 
pediatric  ophthalmologist  was  planning  to  do  cata- 
ract surgery  on  the  left  eye,  but  the  parents  heard 
that  a  team  of  doctors  was  visiting  from  the  USA 
and  brought  the  child  for  consultation. 

Echography  confirmed  a  phthisical  right  eye  with 
a  total  retinal  detachment.  B-scan  of  the  left  eye 
showed  dense  retrolental  opacification  and  a  high- 
reflective  tract  inserting  into  the  fundus  just  below 
the  optic  disc  (Fig.  1).  The  retina  appeared  attached 
without  evidence  of  traction.  The  axial  length  of  the 
eye  was  about  21  mm.  The  findings  were  highly 
consistent  with  advanced  persistent  hyperplastic 
primary  vitreous  (PHPV).  The  parents  were  advised 
against  the  planned  cataract  surgery  but  told  to 


Fig.  1  B-scan  of  persistent  hyperplastic  primary 
vitreous  (arrow) 

travel  to  La  Paz  and  consult  with  a  vitreoretinal  sur- 
geon who  had  experience  in  such  cases. 

Medical  history  in  these  patients  is  often  sketchy 
at  best.  They  may  show  up  with  an  ocular  problem 
that  is  the  end  result  of  previous  trauma  or  unsuc- 
cessful medical/surgical  therapy. 
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Case  Study  188 

Dislocated  Lens 


AV  is  a  63-year-old  Peruvian  man  with  a  red,  painful 
right  eye  and  moderately  dense  lens  opacity  in  his 
left.  He  had  undergone  some  sort  of  surgery  in  his 
right  eye  several  years  previously  by  a  group  of  doc- 
tors on  an  outreach  program  from  a  regional  govern- 
ment hospital  and  had  never  seen  very  well  with 
progressive  loss  of  vision  and  increasing  discomfort 
over  the  past  several  months.  Examination  found 
vision  in  the  right  eye  of  bare  hand  motions  at  1  m 
and  20/80  OS.  There  was  3+  corneal  edema  of  the 
right  cornea  with  poor  visualization  of  the  anterior 
chamber  and  no  view  of  the  fundus  on  that  side. 

Echography  revealed  1-2+  vitreous  opacities 
and  a  high-reflective  surface  suspended  in  midvit- 
reous,  apparently  enmeshed  in  vitreous  membranes. 
It  was  somewhat  mobile  and  drifted  slowly  as  he 
moved  his  eye  back  and  forth.  The  macula  appeared 
thickened  (Fig.  1)  with  a  partial  posterior  vitreous 
detachment.  The  impression  was  that  of  a  dislo- 
cated lens  resulting  from  his  previous  surgery.  The 
echographic  findings  suggested  that  his  prognosis 
for  significant  improvement  in  vision  was  limited 
due  to  chronic  cystoid  macular  edema. 

His  intraocular  inflammation  was  treated  with 
intensive  topical  steroids,  atropine  cycloplegia,  and 
systemic  anti-inflammatory  drugs.  Vitreoretinal  sur- 
gery was  only  available  at  the  main  teaching  (social 
security)  hospital  in  Lima,  and  because  he  was 


Fig.  1  B-scan  of  dislocated  lens  (small  arrow)  suspended 
by  vitreous  membrane  (large  arrow) 

unemployed,  he  was  not  eligible  for  services  at  that 
hospital.  He  was  informed  that  he  could  apply  for 
care  at  one  of  the  charity  hospitals,  since  there  was 
over  a  year  waiting  period  for  consultation  with  a 
vitreoretinal  team  visiting  from  Germany. 

Retained  intraocular  foreign  bodies  are  not 
uncommonly  encountered  in  patients  with  a  history 
of  activities  at  risk  for  small  particles  striking  the 
eye  at  high  velocity. 
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Case  Study  1 89 

Intraocular  Foreign  Body 


A  25 -year-old  man  from  Myanmar  presented  with  a 
history  of  poor  vision  in  his  right  eye  for  2  years. 
He  had  been  hammering  a  piece  of  pipe  and  felt  a 
sharp  pain  in  that  eye  that  improved  over  the  next 
several  hours.  Several  months  later  he  noted  that 
the  vision  in  the  eye  was  a  little  blurry,  and  this 
became  progressively  worse. 

Examination  revealed  visual  acuity  OD  of 
20/200  and  OS  of  20/30.  There  was  no  afferent 
pupil  defect.  Slit-lamp  examination  showed  a  small 
inferior  corneal  scar  and  a  normal  anterior  chamber 
without  reaction.  Intraocular  pressure  was  15  mm 
OU.  The  right  lens  was  densely  cataractous,  and  the 
fundus  could  not  be  visualized.  He  brought  a  report 
of  an  x-ray  that  had  been  read  as  normal. 

B-scan  showed  a  few  vitreous  membranes 
without  traction  on  the  retina.  As  the  eye  was  sys- 
tematically scanned,  a  strongly  reflective  signal 
was  noted  in  the  inferior  vitreous.  This  was  con- 
firmed on  both  transverse  and  longitudinal  views 
with  the  probe  (Fig.  1).  A  high  spike  (100  %  com- 
pared to  the  initial  signal)  was  detected  on  the 
A-scan,  which  confirmed  the  impression  of  an 
intraocular  foreign  body.  The  patient  was  unable  to 
identify  the  type  of  metal  of  which  the  pipe  was 


Fig.  1  B-scan  of  intraocular  foreign  body  (top  arrow) 
with  superimposed  vector  A-scan  of  foreign  body  (bot- 
tom arrow) 

composed.  It  was  recommended  to  the  surgeon  that 
the  cataract  be  removed  and  an  attempt  made  to 
remove  the  particle  with  a  magnet.  Vitreoretinal 
surgery  was  not  available,  so  the  particle  would  be 
left  in  the  eye  if  it  were  not  magnetic. 

Foreign  bodies  in  the  anterior  chamber  can  be  a 
source  of  infection  or  chronic  inflammation.  These 
are  usually  more  accessible  to  surgical  removal  in 
developing  areas,  and  echography  can  be  valuable 
in  localizing  them. 
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Case  Study  190 

Foreign  Body  in  Anterior  Chamber 


GA  is  a  34-year-old  native  of  Vanuatu  who  was 
hammering  a  piece  of  metal  when  he  suddenly  felt 
pain  in  his  right  eye  with  blurry  vision  that  wors- 
ened over  the  next  several  days.  He  made  his  way  to 
a  local  medical  outpost  and  was  given  a  bottle  of 
antibiotic  eye  drops.  This  helped  a  little,  but  over 
the  next  several  weeks,  his  vision  deteriorated. 
A  team  from  Surgical  Eye  Expeditions  (SEE) 
International  was  coming  to  the  capital,  Port  Villa, 
and  screening  volunteers  were  working  through  the 
main  islands  to  find  patients  for  the  visiting  doc- 
tors. He  was  seen  by  one  of  them  and  referred  to 
Port  Villa  for  the  SEE  team  because  his  vision  was 
down  to  hand  motions  in  the  right  eye.  Their  exami- 
nation found  2+  corneal  edema  and  a  significant 
anterior  chamber  reaction  that  prevented  a  view  of 
the  posterior  segment. 

They  had  access  to  a  20-MHz  probe  with  their 
ultrasound  unit  and  found  a  high-reflective  foreign 
body-like  signal  in  the  area  of  Descemet's  mem- 
brane with  multiple  signals  (Fig.  1).  The  diagnosis 
of  a  retained  foreign  body  in  the  anterior  chamber 
was  made,  and  the  patient  underwent  successful 
surgical  removal  after  the  epithelium  was  scraped 
off,  and  topical  glycerol  was  used  to  deturgese  the 
stroma.  He  was  treated  with  topical  antibiotics  and 


steroids  with  gradual  improvement  in  his  vision  to 
20/50. 

There  are  often  limited  therapeutic  options  in 
more  remote  areas  of  developing  countries. 
Echography  can  assist  in  identifying  those  individ- 
uals in  whom  intervention  may  be  worthwhile. 


Fig.  1  Immersion  20-MHz  B-scan  of  a  foreign  body  in 
the  anterior  chamber  horizontal  (arrow)  with  multiple 
signals  (second  arrow) 
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Case  Study  191 

Intumescent  Lens  and  Angle  Closure 


A  72-year-old  native  of  Vanuatu  lived  on  one  of  the 
remote  islands.  He  lost  his  left  eye  as  a  child  due  to 
injury  and  had  gradually  experienced  reduction  in 
the  vision  in  his  right  eye  with  a  rapid  decline  over 
the  past  several  weeks  with  some  discomfort.  He 
heard  that  a  volunteer  group  from  Australia  was 
taking  people  from  his  island  by  sailing  vessels  to 
the  capital  city  of  Port  Villa  on  the  island  of  Efate 
for  the  treatment  of  eye  problems.  He  and  many  of 
the  inhabitants  had  never  left  their  island  and  were 
afraid  to  make  such  a  journey  over  open  ocean  to  be 
treated  by  strangers.  However,  his  vision  was 
almost  gone,  and  he  felt  he  had  no  choice  but  to  go. 

Examination  showed  vision  in  the  right  eye  of 
light  perception  and  a  phthisical  left  eye.  There  was 
2-3+  corneal  edema  with  a  hazy  view  of  the  ante- 
rior chamber.  There  appeared  to  be  a  dense  catarac- 
tous  lens  and  no  view  of  the  fundus.  The  intraocular 
pressure  was  measured  to  be  50  mm  by  Schiotz 
tonometry. 

Echography  using  an  immersion  technique 
revealed  a  large  cataractous  lens  measuring  over 
6  mm  with  a  shallow  anterior  chamber  (Fig.  1). 
The  posterior  segment  appeared  unremarkable. 
The  diagnosis  of  an  intumescent  lens  with  second- 
ary angle  closure  was  made,  and  he  underwent 
lens  removal  by  extracapsular  extraction  the  next 
day.  His  pressure  was  measured  at  20  mm,  and  he 
could  see  at  the  20/200  level.  The  plan  was  to  sup- 
ply him  with  a  pair  of  donated  +12.0  aphakic  spec- 
tacles. The  optic  nerve  showed  8/10  cupping,  and 
he  had  moderate  constriction  of  his  visual  field  on 


Fig.  1  B-scan  of  intumescent  lens  (arrow) 

confrontation  testing.  He  was  very  happy  with  the 
result  and  returned  to  his  island.  He  encouraged  his 
visually  impaired  friends  to  make  the  journey  to  the 
capital  the  following  year  when  the  volunteer  team 
would  return. 

Eyes  with  a  history  of  trauma  are  sometimes  sub- 
ject to  increased  intraocular  pressure  with  resultant 
optic  nerve  damage.  The  B-scan  can  be  helpful  in 
detecting  optic  nerve  cupping  when  it  is  moderately 
severe  (greater  than  0.7  cup-to-disc  ratio).  It  is 
helpful  to  view  the  nerve  head  in  different  probe 
positions  (vertical,  horizontal,  and  longitudinal)  to 
find  which  best  displays  the  optic  cup. 
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Case  Study  192 

Advanced  Optic  Nerve  Cupping 


A  52-year-old  Ethiopian  woman  gave  a  vague 
history  of  some  sort  of  injury  to  her  left  eye  several 
years  ago.  She  had  intermittent  episodes  of  pain  in 
this  eye,  and  the  vision  had  gradually  dropped  to 
light  perception.  Examination  found  vision  in  the 
right  eye  of  20/30  and  in  the  left  of  bare  light  per- 
ception. Her  intraocular  pressure  was  difficult  to 
measure  in  the  left  eye  because  of  corneal  edema 
and  scarring.  This  prevented  a  view  of  the  fundus. 

B-scan  with  a  horizontal  axial  view  showed 
marked  cupping  of  the  optic  nerve  consistent  with 
advanced  glaucomatous  nerve  damage  (Fig.  1).  She 
was  informed  that  there  was  no  hope  for  vision  in 
that  eye. 

Intraocular  tumors  may  present  in  late  stages 
with  severe  morbidity.  Some  intraocular  tumors 
have  a  different  incidence  in  developing  countries 
than  those  in  the  Western  nations.  Malignant  mela- 
noma is  the  most  common  intraocular  tumor  in 
Caucasian  races  and  is  rare  in  people  of  darker  skin 
pigmentation.  Poorer  areas  of  the  world  have  a 
higher  rate  of  ocular  invasion  by  metastatic  and 
secondary  neoplasms  due  to  failure  to  treat  the  pri- 
mary tumors  at  early  stages  when  their  spread  can 


Fig.  1  B-scan  of  advanced  cupping  of  the  optic  nerve 
(arrow) 

be  more  readily  controlled.  Retinoblastoma  is  the 
most  common  intraocular  tumor  of  children 
throughout  the  world,  but  it  presents  in  more 
advanced  stages  in  less  technologically  developed 
areas. 
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Case  Study  193 

Retinoblastoma 


TY  is  a  2-year-old  Bolivian  child  who  was  noted  by 
her  parents  to  progressively  cross  her  eyes  since  she 
was  6  months  old.  A  local  health  station  nurse  told 
them  that  she  would  "grow  out  of  it."  Her  left  eye 
later  became  red  much  of  the  time,  and  the  "pupil 
began  to  appear  a  different  color  than  the  other 
eye."  She  was  seen  at  the  local  clinic,  and  the  par- 
ents were  given  some  eyedrops  for  infection  and 
told  to  bring  her  back  if  things  got  worse. 

She  was  brought  into  a  screening  clinic  set  up  by 
a  group  of  volunteer  ophthalmologists  from  the 
USA.  Her  left  eye  had  an  esotropia  of  50  prism 
diopters  and  would  not  fix  on  a  picture  target.  The 
pupil  had  a  white  reflex,  and  she  was  suspected  to 
harbor  an  intraocular  mass. 

Echography  of  the  right  eye  revealed  a  large  mass 
lesion  that  filled  most  of  the  globe,  and  calcium 
deposits  were  detected  on  A-  and  B-scan  (Fig.  1).  A 
small  peripheral  calcified  mass  was  noted  in  the  tem- 
poral periphery  of  the  left  eye  (Figs.  2  and  3).  The 
diagnosis  of  a  bilateral  retinoblastoma  was  made, 
and  the  child  was  scheduled  for  enucleation  of  the 
right  eye  with  the  intent  to  remove  as  much  of  the 
optic  nerve  as  possible.  MRI  imaging  was  not  avail- 
able to  evaluate  the  nerve  or  CNS  for  invasion  by 
tumor.  A- scan  measurements  of  the  optic  nerve  were 
performed  and  were  within  normal  limits,  but  micro- 
scopic invasion  by  tumor  could  not  be  ruled  out.  She 
was  referred  to  the  oncology  center  of  a  government 
hospital  for  chemotherapy  in  an  attempt  to  preserve 
the  left  eye.  She  was  told  to  return  in  6  months  for 
repeat  clinical  examination  and  ultrasound  of  the  left 
eye  to  evaluate  the  status  of  the  tumor. 

There  is  a  long  differential  diagnosis  of  lesions 
besides  retinoblastoma  that  can  cause  leukoco- 
ria.  Several  of  the  more  important  ones  can  only 


Fig.  1  Top:  A-scan  of  large  retinoblastoma  (arrow). 
Bottom:  B-scan  of  tumor  (first  arrow)  with  scleral  and 
orbital  shadowing  (second  arrow) 

be  accurately  diagnosed  by  echography.  The  cor- 
rect diagnosis  can  direct  appropriate  treatment 
and  spare  a  child  unnecessary  surgery  in  such 
cases. 
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Case  Study  193.  Retinoblastoma 


Fig.  3  B-scan  of  tumor  (arrow) 


Case  Study  1 94 

Persistent  Hyperplastic  Primary  Vitreous 


MA  is  an  18 -month-old  Honduran  male  who  was 
noted  to  have  a  white  pupil  reflex  in  the  right  eye 
when  a  photograph  was  taken  by  a  visiting  relative. 
He  was  taken  to  the  local  clinic  where  a  probable 
tumor  in  the  eye  was  diagnosed,  and  he  was  referred 
to  the  eye  department  of  a  government  hospital  in 
the  capital  city,  100  miles  away. 

He  was  seen  in  the  eye  clinic  and  the  diagnosis  of 
retinoblastoma  was  made,  and  the  child  was  sched- 
uled for  enucleation  the  next  day  by  one  of  the  oph- 
thalmology residents.  A  visiting  team  from  an 
international  volunteer  group  was  asked  to  see  the 
child  just  prior  to  surgery.  Echography  revealed  a 
retrolental  opacity  with  a  moderate  stalk  going 
back  to  the  optic  disc  (Fig.  1).  The  diagnosis  of  per- 
sistent hyperplastic  primary  vitreous  (PHPV)  was 
made,  and  it  was  suggested  that  enucleation  be  can- 
celled and  a  lensectomy/vitrectomy  be  performed 
instead.  The  parents  were  told  that  this  eye  would 
never  see  well,  but  without  surgery  it  would  proba- 
bly become  blind  and  painful  and  have  to  be 
removed. 


Fig.  1  B-scan  of  persistent  hyperplastic  primary  vitreous 
with  stalk  (arrow) 


The  limited  clinical  signs  in  orbital  disease  make 
it  difficult  to  be  certain  about  a  specific  diagnosis. 
Often  only  a  long  differential  diagnosis  is  possible. 
Patients  may  present  in  advanced  stages  of  orbital 
disease.  Treatment  options  are  usually  limited 
based  on  what  is  locally  available,  such  as  basic 
antibiotics,  prednisone,  and  topical  beta  blockers. 
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Case  Study  195 

Graves'  Disease 


A  34-year-old  Indonesian  man  had  a  2-year  history 
of  prominence,  redness,  and  irritation  of  his  right 
eye.  He  had  been  treated  with  prednisone  during 
this  time  with  doses  varying  from  80  mg  a  day  ini- 
tially to  20  mg  when  the  process  seemed  less 
severe.  He  had  not  been  evaluated  for  osteoporosis, 
ulcers  of  the  stomach,  tuberculosis,  or  diabetes 
during  this  time.  He  had  a  striking  Cushingoid 
appearance  to  his  facies.  Ocular  examination 
showed  exophthalmometry  measurements  of 
25  mm  OD  and  21  mm  OS.  There  was  moderate 
conjunctival  injection  and  chemosis  of  the  right 
eye.  His  vision  was  20/40  OD  and  20/25  OS  with  a 
2+  posterior  subcapsular  cataract  noted  on  the 
right.  Intraocular  pressure  measured  21  mm  OD 
and  20  mm  OS.  Fundus  examination  showed  a 
cup-to-disc  ratio  of  5/10  OD  and  4/10  OS.  Various 
ophthalmology  residents  had  followed  him  in  the 
clinic  over  the  2-year  period  with  the  diagnosis  of 
orbital  pseudotumor.  A  plain  film  skull  x-ray  had 
been  obtained  at  one  time  that  was  interpreted  as 
normal  by  the  radiologist. 

A  diagnostic  echography  unit  was  donated  to 
the  hospital,  and  a  training  course  was  set  up.  This 
patient  was  brought  in  for  echographic  exami- 
nation. The  A-scan  revealed  marked  thickening 
of  all  of  the  extraocular  muscles  bilaterally  with 
medium- to-high  irregular  reflectivity  (Fig.  1). 
B-scan  revealed  abnormal  thickening  of  the  supe- 
rior rectus/levator  complex  bilaterally. 


Fig.  1  A-scan  of  thickened  extraocular  muscle  (arrows) 

The  diagnosis  of  Graves'  disease  was  made,  and 
the  patient  was  sent  for  thyroid  testing.  His  basic 
thyrotropin  level  was  normal,  but  antithyroid  anti- 
body testing  was  not  done.  He  was  advised  to  begin 
tapering  his  prednisone  with  the  goal  to  lower  the 
dose  to  physiologic  levels  within  3  months.  He  was 
given  the  treatment  options  of  orbital  radiation  or 
an  injection  of  Kenalog  into  the  orbital  tissue. 

There  are  often  very  limited  resources  to  address 
paraocular  and  orbital  problems.  CT  and  MRI  scan- 
ners may  be  found  in  the  major  cities  with  limited 
access  by  much  of  the  population  because  of 
expense  and  travel  distance.  Plain  film  x-rays  are 
more  readily  available  but  are  of  limited  value  in 
orbital  diagnosis. 


R.R  Harrie,  CJ.  Kendall,  Clinical  Ophthalmic  Echography, 

DOI  10.1007/978-l-4614-7082-3_195,  ©  Springer  Science+Business  Media  New  York  2014 


439 


Case  Study  196 

Orbital  Pseudotumor 


A  4 1  -year-old  man  was  seen  as  part  of  the  ultrasound 
training  course  given  by  a  visiting  volunteer  team 
to  the  university  hospital  in  Jakarta,  Indonesia.  He 
gave  a  history  of  "a  big  right  eye  with  some  aching 
for  several  weeks."  Examination  showed  8  mm  of 
proptosis  of  that  eye  with  3+  conjunctival  injection 
and  chemosis.  The  vision  was  measured  at  20/70 
OD  and  20/25  OS.  The  left  eye  appeared  normal 
on  clinical  examination.  A  plain  film  x-ray  of  the 
orbits  was  read  as  normal.  He  was  diagnosed  with 
an  orbital  tumor  and  was  in  the  process  of  being 
referred  to  another  city  for  orbital  biopsy. 

Echography  revealed  low-reflective  thickening 
of  several  extraocular  muscles,  increased  subten- 
on's  lucency,  and  a  well-outlined  low-reflective 
lesion  in  the  mid-orbit  (Figs.  1  and  2).  These  find- 
ings were  consistent  with  orbital  pseudotumor,  and 
high-dose  steroids  were  started  after  a  chest  x-ray 
and  blood  glucose  tests  were  performed.  He 
responded  with  rapid  improvement  in  the  proptosis 
and  inflammatory  signs. 

Inflammatory  conditions  of  the  orbital  and  peri- 
orbital area  are  often  not  treated  by  anti- 
inflammatory medications  in  the  early  stages  and 
can  progress  to  painfully  debilitating  problems. 
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Fig.  1  A- scan  of  orbital  pseudotumor  (arrows) 


Fig.  2  B-scan  of  lesion  (arrow) 
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Case  Study  197 

Orbital  Myositis 


A  43 -year-old  Mongolian  woman  had  intermittent 
pain  and  swelling  around  her  left  eye  for  over  a  year. 
The  symptoms  had  recently  increased  to  the  point 
that  she  was  constantly  in  pain.  She  slept  poorly  at 
night  and  was  not  able  to  perform  her  household  and 
childcare  chores  during  the  day.  She  had  taken  aspi- 
rin intermittently  without  relief  of  her  symptoms. 
She  presented  to  the  government  hospital  outpatient 
clinic  and  was  given  a  supply  of  ibuprofen.  This 
lessened  her  pain  somewhat,  but  she  was  generally 
incapacitated  and  sought  help  at  a  facility  in  another 
city.  Examination  in  the  eye  department  showed 
marked  temporal  conjunctival  and  episcleral  injec- 
tion of  the  left  eye  with  mild  lid  swelling.  The  vision 
was  reduced  to  20/60  in  that  eye,  while  the  right  eye 
was  measured  at  20/30.  She  had  a  10-prism  diopter 
left  esotropia  with  increased  pain  on  looking  to  the 
left.  Slit-lamp  examination  of  the  left  eye  showed  a 
clear  cornea  and  a  deep  anterior  chamber  with  mild 
flare  but  no  cells.  Fundus  examination  showed  a 
clear  vitreous  cavity  and  some  possible  thickening 
of  the  temporal  retinochoroidal  layer. 

Echography  revealed  moderate  thickening  of  the 
sclera  and  some  increased  lucency  of  subtenon's  space. 
The  left  lateral  rectus  muscle  was  thickened  near  its 
attachment  to  the  globe  and  posteriorly  (Fig.  1).  The 
diagnosis  of  a  lateral  rectus  myositis  with  adjacent 
scleritis  was  made,  and  she  was  started  on  high-dose 
oral  steroids  with  rapid  resolution  of  her  symptoms. 

Some  orbital  problems,  such  as  cystic  lesions,  are 
amenable  to  simple  surgical  incision  and  drainage. 
These  procedures  often  do  not  require  the  technol- 
ogy and  trained  personnel  as  would  be  necessary  for 
more  complex  procedures.  Ultrasound  may  be  useful 
in  such  situations  both  by  enabling  a  correct  diagno- 
sis and  by  guiding  needle  aspiration  of  the  lesion. 


Fig.  1  Top:  A- scan  of  thickened  sclera  (first  arrow)  and 
muscle  belly  (second  and  third  arrows).  Bottom:  B-scan 
of  tendon  (arrow) 
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Case  Study  198 

Orbital  Lymphangioma 


A  10-year-old  child  presented  at  a  large  teaching 
hospital  with  the  sudden  onset  of  painful  proptosis 
of  her  left  eye  that  started  several  days  previously. 
The  parents  gave  a  history  of  several  episodes  of 
less  extreme  protrusion  of  the  globe  that  had 
occurred  several  times  over  the  past  2  years  but  had 
always  resolved  spontaneously  without  any  medical 
treatment.  Examination  found  7  mm  of  proptosis  of 
that  eye  with  moderate  subconjunctival  hemorrhage 
and  several  hemorrhagic  cysts  under  her  upper  eye- 
lid. There  was  firm  resistance  to  retropulsion  of  the 
globe.  The  vision  was  normal  as  was  the  intraocular 
pressure.  The  fundus  examination  was  unremark- 
able. Extraocular  movements  were  full. 

Echography  demonstrated  a  diffuse  multicystic 
orbital  lesion  with  large  retrobulbar  low-reflective 
cysts  (Figs.  1  and  2).  The  findings  were  consistent 
with  a  spontaneous  bleed  into  an  orbital  lymphan- 
gioma. The  tumor  was  too  extensive  for  a  total 
resection,  but  the  largest  cyst  appeared  amenable  to 
needle  aspiration  under  ultrasound  guidance. 

The  aspiration  was  performed  the  next  day,  and 
5  cc  of  blood  was  removed  with  marked  reduction  of 
the  proptosis.  The  parents  were  instructed  that  this 
procedure  could  be  repeated  if  the  symptoms  recurred. 

Pathology  of  the  paranasal  sinuses  is  common  in 
developing  areas.  It  is  often  untreated  and  can  reach 
advanced  stages  before  care  is  sought.  This  can  be 
a  source  of  significant  morbidity.  Plain  film  x-rays 
can  be  of  some  value,  but  significant  problems  can 
be  missed  because  of  the  limited  resolution. 


Fig.  2  B-scan  of  lesion  (arrow) 
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Case  Study  199 

Mucocele 


CA  is  a  43 -year-old  woman  with  a  history  of 
progressive  proptosis  and  downward  displacement 
of  her  right  eye  over  several  years.  She  complained 
of  minimal  discomfort  and  was  not  aware  of  double 
vision.  Clinical  examination  found  proptosis  of  that 
eye  of  7  mm  and  hypoglobus  of  5  mm  compared 
to  the  left.  She  brought  a  copy  of  an  x-ray  with  her 
that  had  been  obtained  about  a  year  previously,  but 
it  did  not  demonstrate  the  cause  of  her  problem. 
There  was  mild  opacification  of  her  right  maxillary 
sinus  but  no  other  evident  sinus  abnormalities. 

A-scan  revealed  a  low-reflective  orbital  lesion  in 
the  right  superior  nasal  orbit  with  a  sudden  drop-off 
in  the  orbital  bone  spike  consistent  with  a  bone 
defect.  The  echo  signals  behind  this  defect  were 
low  to  medium  and  slightly  irregular  (Fig.  1).  These 
findings  were  highly  consistent  with  a  frontal  eth- 
moidal mucocele.  The  patient  was  informed  that  a 
team  of  otolaryngologists  would  be  in  the  area  in 
9  months  and  that  arrangements  would  be  made  for 
them  to  remove  the  mucocele  if  that  was  her  desire. 

Sinus-related  paraocular  problems  can  be  easily 
detected  by  echography  with  appropriate  treatment 
by  inexpensive  antibiotics  that  are  available  in  even 
the  poorest  of  areas. 


Fig.  1  Top:  paraocular  A-scan  of  orbital  component 
of  mucocele  {arrows).  Bottom:  transocular  A-scan  of 
mucocele  with  bone  defect  {arrows) 
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Case  Study  200 

Sinusitis 


TI  is  a  13-year-old  girl  who  presented  to  a  screening 
clinic  with  moderate  swelling  of  her  right  upper 
and  lower  eyelids.  She  was  quite  uncomfortable 
and  had  gotten  worse  over  2  weeks.  Examination 
found  2+  lid  edema  and  erythema  on  the  right  with 
normal  appearance  of  the  globe  and  a  full  range  of 
extraocular  movements. 

A-scan  revealed  marked  signals  from  the  right 
ethmoid  and  maxillary  sinuses  with  less  significant 
spikes  on  the  left  side  (Fig.  1).  The  diagnosis  of 
acute  sinusitis  was  made,  and  she  was  started  on 
Keflex  and  Sudafed  with  resolution  of  her  symp- 
toms over  several  days. 

Sinus  infections  can  have  serious  sequelae  if  not 
properly  treated.  They  have  the  potential  to  be  the 
source  of  intracranial  infections.  They  can  be  the 
source  of  abscess  formation  subperiosteal^  or 
within  the  orbit. 
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Fig.  1  A-scan  of  ethmoid  sinus  signals  (arrows) 
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Part  VIII 

Echography  in  Developing  Countries 


Ophthalmic  echography  can  play  a  unique  role  in 
the  clinical  practice  of  ophthalmology  in  emerging 
and  developing  countries.  These  areas  often  have 
limited  access  to  imaging  techniques,  such  as  com- 
puted tomography  (CT)  and  magnetic  resonance 
imaging  (MRI)  scanning.  The  multiple  obstacles  to 
the  utilization  of  these  modalities  for  the  average 
patient  include  cost,  waiting  time,  travel  distance, 
and  cultural  barriers.  The  availability  of  echogra- 
phy in  the  eye  clinic  can  directly  impact  the  quality 
of  care  in  these  countries. 

Ocular  and  orbital  pathology  usually  is  not  very 
different  from  that  seen  in  more  developed  parts  of 
the  world,  but  it  often  presents  at  advanced  stages 
that  render  diagnosis  and  treatment  more  difficult. 
It  is  common  to  encounter  mature  "white"  cata- 
racts, large  corneal  scars,  advanced  glaucoma, 


end- stage  vitreoretinal  pathology,  and  marked 
proptosis.  Such  conditions  have  often  been  present 
without  treatment  for  long  time  periods  because  of 
the  lack  of  medical  resources  in  the  local  area. 

Eye  trauma  with  concussive  or  penetrating  inju- 
ries is  frequently  not  treated  in  a  timely  fashion, 
which  can  result  in  globe  abnormalities  that  pre- 
clude adequate  visualization  of  the  posterior  seg- 
ment. The  potential  to  enhance  the  patient's  quality 
of  life  with  available  resources  is  inversely  propor- 
tional to  the  complexity  of  the  pathology.  Ultrasound 
can  rapidly  screen  out  those  who  are  not  realistic 
candidates  for  therapeutic  intervention  such  as  those 
with  mature  cataracts  which  mask  pathology  such 
as  retinal  detachment.  The  patient  can  be  advised  as 
to  his  prognosis  after  an  echographic  examination 
that  takes  only  a  few  minutes  to  perform. 


This  part  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 
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Case  Study  201 

Subperiosteal  Abscess 


MH  is  a  15 -year-old  Honduran  girl  who  complained 
of  headaches  and  pressure  around  her  eyes  for  more 
than  a  year.  Her  parents  noted  intermittent  lid  swell- 
ing that  resolved  spontaneously,  but  the  episodes  of 
pain  and  swelling  were  lasting  longer  and  seemed 
more  severe.  She  had  been  taken  to  the  local  clinic 
and  given  penicillin  tablets  by  a  health  worker.  This 
had  provided  some  relief  for  a  few  weeks,  but  the 
symptoms  recurred. 

She  complained  of  severe  pain  around  her  left 
eye  that  was  made  worse  when  she  looked  left  and 
right.  She  was  taken  to  a  government  hospital  and 
referred  by  the  triage  nurse  to  the  eye  clinic. 
Examination  found  moderate  lid  edema  on  the  left 
and  nasal  conjunctival  injection.  Visual  acuity  was 
normal  in  both  eyes  with  unremarkable  slit-lamp 
and  fundus  examinations. 

Plain  film  x-rays  were  read  as  normal.  Echography 
revealed  a  sharply  outlined  low-reflective  area  in  the 
superior  orbit  (Figs.  1  and  2).  This  was  interpreted 
as  consistent  with  a  subperiosteal  abscess.  She  was 
taken  to  the  operating  room  with  a  surgical  team 
comprised  of  an  ophthalmologist  and  otolaryngolo- 
gist for  drainage  of  the  abscess.  IV  antibiotics  had 
been  started  preoperatively  and  were  continued  for 
several  days  afterwards.  Repeat  ultrasound  showed 
resolution  of  the  subperiosteal  infiltrate. 

In  developing  countries,  ultrasound  has  the  dual 
benefit  of  screening  out  ocular  problems  before 
limited  resources  are  depleted  in  their  evaluation 
and  directing  the  most  appropriate  and  cost- 
effective  therapy. 
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Fig.  1  A-scan  of  subperiosteal  abscess  (arrows) 


Fig.  2  B-scan  of  abscess  (arrow) 
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Summary 
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Summary 


Intraocular  Disease 

Intraocular  Tumors 

Choroidal  Melanoma 

A- scan  features: 

Solid-surface  spike 
Low  to  medium  internal  reflectivity 
Regular  internal  reflectivity 
Spontaneous  vascularity 

B-scan  features: 

Dome  or  mushroom  shape 


This  chapter  contains  video  segments  that  can  be  found  by 
accessing  the  following  link:  http://www.springerimages. 
com/videos/978- 1  -46 14-708 1  -6. 
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Choroidal  Hemangioma 

A- scan  features: 

Solid-surface  spike 
Medium  to  high  internal  reflectivity 
Regular  internal  reflectivity  (seesaw  or  up  and 
down  structure) 

B-scan  features: 

Dome  shape 


Summary 

Choroidal  Metastasis 

A- scan  features: 

Solid-surface  spike 

Low  to  high  internal  reflectivity 

Irregular  internal  reflectivity 

B-scan  features: 

Irregular  shape 


Intraocular  Disease 

Choroidal  Nevus 

A- scan  features: 

Solid-surface  spike 
High  internal  reflectivity 
Regular  internal  reflectivity 
Thickness  <2.5  mm 

B-scan  features: 

Slightly  elevated 


Choroidal  Osteoma 

A- scan  features: 

Solid-surface  spike 

Very  high  internal  reflectivity 

B-scan  features: 

Echo  dense  (calcium) 
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Retinoblastoma 

A- scan  features: 

Solid-surface  spike 
High  internal  reflectivity 
Irregular  internal  reflectivity 


B-scan  features: 

Point-like  or  clumped  echo 
Densities  (calcium) 


Intraocular  Disease 

Diktyoma  (Medulloepithelioma) 

A- scan  features: 

Solid-surface  spike 

Medium  to  high  internal  reflectivity 

Irregular  internal  reflectivity 

B-scan  features: 

Solid  lesion  on  immersion  scan 
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Summary 


Vitreoretinal  Membranes 

Retinal  Detachment 

A- scan  features: 

Reflectivity  100  %  of  initial  spike 
Reflectivity  stays  high  in  periphery 
-6-  to  15-db  difference  in  maximal  height  ver- 
sus scleral  height 

B-scan  features: 

Attachment  to  optic  disc 
Mobility:  stiff  and  "tethered" 


Intraocular  Disease 


Posterior  Vitreous  Detachment 

A- scan  features: 

Reflectivity  <  100  %  of  initial  spike 

Reflectivity  decreases  in  periphery 

->20-db  difference  in  height  versus  scleral 

height 

B-scan  features: 

Not  attached  at  optic  disc  but  may  attach  at  para- 
papillary  area 
Weiss  ring  (arrow) 
Mobility:  fluid-like 
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Choroidal  Detachment 

A- scan  features: 

Reflectivity  100  %  of  initial  spike 
Double  peaked  (arrow) 
Reflectivity  stays  high  in  periphery 
-6-  to  15-db  difference  in  maximal  height  ver- 
sus scleral  height 

B-scan  features: 

Not  attached  at  optic  disc  but  may  attach  at  para- 
papillary  area 
Smooth  dome  shaped 
Scalloped  when  360°  detachment 


Orbital  Disease 


Orbital  Disease 

Orbital  Tumors:  Vascular 

Cavernous  Hemangioma 

A- scan  features: 

Decreases  in  size  on  compression 
Spike  height:  medium  to  high 
Reflectivity:  "seesaw" 
Vascularity:  slow  venous 
Sound  attenuation:  medium 

B-scan/radiologic  features: 

Shape:  encapsulated  and  oval  to  round 
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Hemangiopericytoma 

A- scan  features: 

Consistency:  firm  to  compression 
Spike  height:  low  to  medium 
Reflectivity:  "seesaw" 
Vascularity:  0  to  1+ 
Sound  attenuation:  low  to  medium 

B-scan/radiologic  features: 


Summary 

Capillary  Hemangioma 

A- scan  features: 

Consistency:  firm  to  compression 
Spike  height:  low  to  high 
Reflectivity:  irregular 
Vascularity:  4+  in  arterial  portion 
Sound  attenuation:  low  to  medium 

B-scan/radiologic  features: 


Shape:  well-outlined  and  oval  to  round 


Shape:  diffuse  to  contoured 


Orbital  Disease 


Lymphangioma 

A- scan  features: 

Consistency:  generally  soft  firm  with  hemorrhage 

Spike  height:  low  to  medium 

Reflectivity:  irregular  multicystic 

Vascularity:  minimal 

Sound  attenuation:  low  to  medium 

B-scan/radiologic  features: 

Shape:  diffuse 
Multicystic 
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Summary 


Varix 

A- scan  features: 

Consistency:  soft 

Spike  height:  baseline  to  low 

Reflectivity:  regular 

Vascularity:  none 

Sound  attenuation:  low 

Expands  on  Valsalva  maneuver 

B-scan/radiologic  features: 

Shape:  ill-defined  and  loculated 


Orbital  Disease 
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Orbital  Tumors:  Optic  Nerve 
Glioma 

A- scan  features: 

Consistency:  firm 
Spike  height:  low  to  medium 
Reflectivity:  1+  irregular 
Vascularity:  1  to  2+ 
Sound  attenuation:  low 

B-scan/radiologic  features: 

Shape:  fusiform  to  globular 


Malignant  Glioma 

A- scan  features: 

Consistency:  firm 

Spike  height:  low  to  medium 

Reflectivity:  1+  to  2+  irregular 

Vascularity:  1  to  3+ 

Sound  attenuation:  low 

B-scan/radiologic  features: 

Shape:  contoured 
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Summary 


Meningioma 

A- scan  features: 

Consistency:  firm 

Spike  height:  low  to  medium 

Reflectivity:  1+  to  2+  irregular 

Vascularity:  1  to  2+ 

Sound  attenuation:  low 

B-scan/radiologic  features: 

Shape:  fusiform  to  globular 
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Orbital  Tumors:  Nerves 

Schwannoma 

A- scan  features: 

Consistency:  firm 

Spike  height:  low  to  medium 

Reflectivity:  1+  to  4+  irregular 

Vascularity:  0  to  1+ 

Sound  attenuation:  medium 

B-scan/radiologic  features: 

Shape:  oval  to  round 
Cystic  in  some  cases 


Orbital  Disease 


Neurofibroma  (Solitary) 

A- scan  features: 

Consistency:  soft  to  firm 
Spike  height:  low  to  medium 
Reflectivity:  regular 
Vascularity:  0  to  In- 
Sound  attenuation:  low  to  medium 

B-scan/radiologic  features: 

Shape:  oval  to  round  well-outlined 


Neurofibroma  (Plexiform) 

A- scan  features: 

Consistency:  soft 
Spike  height:  medium  to  high 
Reflectivity:  3  to  4+  irregular 
Vascularity:  1  to  2+ 
Sound  attenuation:  low 

B-scan/radiologic  features: 

Shape:  ill-defined 
Bone  molding 
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Orbital  Tumors:  Lacrimal  Gland 

Pleomorphic  Adenoma 
(Benign  Mixed  Cell) 

A- scan  features: 

Consistency:  firm 
Spike  height:  medium  to  high 
Reflectivity:  regular 
Vascularity:  0  to  1+ 

Sound  attenuation:  medium  angle  kappa 
B-scan/radiologic  features: 
Shape:  oval  well-defined 


Orbital  Disease 
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Adenocystic  Carcinoma 

A- scan  features: 

Consistency:  firm 
Spike  height:  low  to  medium 
Reflectivity:  2  to  4+  irregular 
Vascularity:  0  to  In- 
Sound  attenuation:  medium 

B-scan/radiologic  features: 

Shape:  oval  to  nodular  bone  erosion 


Lymphoma  of  Lacrimal  Gland 

A- scan  features: 

Consistency:  firm 
Spike  height:  low  to  medium 
Reflectivity:  1+  irregularity 
Vascularity:  1  to  2+ 
Sound  attenuation:  low 

B-scan/radiologic  features: 

Shape:  oval  to  round 
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Summary 


Miscellaneous  Orbital  Tumors:  Benign 

Dermoid  Cyst 

A- scan  features: 

Consistency:  firm 

Spike  height:  low  to  medium 

Reflectivity:  0  to  3+  irregular 

Vascularity:  none 

Sound  attenuation:  medium 

B-scan/radiologic  features: 

Shape:  oval  to  round  encapsulated 


Orbital  Disease 
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Mucocele 
A- scan  features: 
Consistency:  firm 

Spike  height:  low  to  medium  "seesaw"1 
Reflectivity:  0  to  2+  irregular 
Vascularity:  none 
Sound  attenuation:  low 

B-scan/radiologic  features: 

Shape:  oval  to  round  contoured 


1  As  the  A-scan  probe  is  moved  across  the  lesion  at  the  area 
of  the  bone  defect,  the  sound  beam  penetrates  into  the  sinus 
and  the  A-spike  reduces  in  height  compared  to  its  reflection 
from  the  intraorbital  portion  of  the  mucocele. 
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Miscellaneous  Orbital  Tumors 
Malignant 

Metastatic 

A- scan  features: 

Consistency:  very  hard 
Spike  height:  medium  to  high 
Reflectivity:  irregular  v  pattern 
Vascularity:  1  to  4+ 
Sound  attenuation:  low 

B-scan/radiologic  features: 

Shape:  ill-defined  mass 


Orbital  Disease 


Lymphoma 

A- scan  features: 

Consistency:  firm 

Spike  height:  low  to  medium 

Reflectivity:  regular  to  1  +  irregular 

Vascularity:  1  to  2+ 

Sound  attenuation:  low 

B-scan/radiologic  features: 

Shape:  range  from  well-defined  to  Ill-defined 
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Summary 


Rhabdomyosarcoma 

A- scan  features: 

Consistency:  firm 

Spike  height:  low  to  medium 

Reflectivity:  regular  to  1+ irregular 

Vascularity:  1  to  3+ 

Sound  attenuation:  medium 

B-scan/radiologic  features: 

Shape:  diffuse  to  contoured 


Orbital  Disease 
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Fibrous  Histiocytoma 

A- scan  features: 

Consistency:  firm 
Spike  height:  low  to  medium 
Reflectivity:  regular 
Vascularity:  2  to  3+ 
Sound  attenuation:  medium 

B-scan/radiologic  features: 

Shape:  oval  and  well-outlined 
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A 

Accommodative  esotropia,  253 
Accommodative  spasm 

afferent  pupil  test,  176 

atropine  cycloplegic 

retinoscopy,  175 

consensual  light  reflex,  176 

cycloplegics,  175 

keratometry,  175 

pinhole  test,  175 

squinty  patient,  176 

ultrasound,  176 
Acute  inflammatory  myositis 

high-dose  prednisone 
treatment,  145 

orbital  congestion,  145 
Acute  sinusitis 

downward  displacement, 
globe,  265 

ethmoid  sinus  signals,  265 

pleomorphic  adenoma,  265 
Adenocystic  carcinoma,  lacrimal 
gland 

acute  pain,  273 

A-scan,  125,  273 

biopsy,  125 

computed  tomography  scan,  125 

mild  spontaneous 

vascularity,  273 

orbital  pseudotumor,  273 

trochlea,  125 

trochleitis,  125 
Advanced  optic  nerve  cupping 

B-scan,  433 

intraocular  tumors,  433 

retinoblastoma,  433 
Air-puff  testing,  177 
Amaurosis  fugax,  170 


Amsler  grid  testing,  170,  339 

Anderson,  R.L.,  254 

Anisometropic  amblyopiac,  253 

Anterior  B-scan  (UBM) 
"dead  zone",  65 
eye  and  probe  stationary,  67 
eye  moves,  probe  stationary,  66 
eye  stationary,  probe  moves,  66 
high-frequency  probes,  66 
OD  and  OS  systematic  protocol 

and  labeling,  67 
scleral  shell,  immersion 

scanning,  66 
water  bath  apparatus,  65 

Anterior  orbital  tumors,  4 

Arte-riovenous  (AV)  orbital 
fistulas,  4 

Artifacts/unwanted  signals,  55 

Asteroid  hyalosis,  213,  215 

Atypical  Bell's  palsy,  279 

Augsburger,  J. J.,  203 

B 

Benign  reactive  lymphoid 
hyperplasia,  135 

B-scan,  137 

echography,  137 

subtenon's  space,  137 
Bhatnagar,  R.,  391 
Biometric  A-scan 

caliper  position,  68 

correlation,  patient 
history,  68-69 

echo  pattern,  67 

eye  type,  67-68 

pediatric  patients,  69 

silicone  oil-filled  eyes,  69 


Biswas,  J.,  385 

Bleed  into  lymphangioma 
A-scan,  subperiosteal 

hemorrhage,  155 
echography,  155 
metastatic  tumors,  155 
multicystic  lesion,  155 

Blodi,  EC,  203,  339 

"Blood  blister",  upper  eyelid,  155 

Blurred  vision,  165 

Bronchial  endoscopic  biopsy,  121 

Bronson,  N.R.,  66 

Broughton,  W.L.,  408 

Bulgy  eyes 

echography,  25 1 
proptosis,  251 

Bullock,  J.D.,  29 

Buried  calcified  drusen,  25,  26 

Byrne,  S.E.,  60,  61 


Carcinoid  tumor 
A-scan,  357 
B-scan,  357 

Castleman's  disease,  261,  262 

Cataract  surgery,  capsular 
rupture,  183 

Cavernous  hemangiomas,  123,  124 
angle  kappa,  300 
A-scan  and  B-scan,  259 
A-scan  reflectivity,  299 
axial  proptosis,  161 
computed  tomography  scan,  299 
echography,  161 
exophthalmometry,  299 
hemangiopericytoma,  259 
Hertel  exophthalmometry,  259 
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Cavernous  hemangiomas  (cont.) 
internal  reflectivity,  41 
lacrimal  gland  enlargement,  41 
lymphangioma,  300 
medium  internal  reflectivity 
and  angle  kappa,  259 
microscopic  anatomy,  300 
microscopic  structure,  260 
oval  encapsulated  intraconal 

mass,  41 
resistance,  orbital  tissue,  161 

Central  retinal  artery  embolus 
B-scan,  241 

B-scan,  embolic  material,  29 
slit-lamp  examination,  29 
transesophageal 

echocardiography,  241 
Chalazion,  317 
Choroidal  folds  and  orbital 
lymphoma 
B-scan,  orbital  mass,  39 
cavernous  hemangioma,  39 
Choroidal  hemangiomas,  14 
A-scan,  355 
B-scan,  355 
visual  distortion,  355 
Choroidal  hemorrhage,  179 
B-scan,  181 
drainage,  181 
echography,  181 
hyphema,  181 
ultrasound,  181 
Choroidal  melanomas 
A-and  B-scan,  203 
and  asteroid  hyalosis 

intermediate  and  posterior 

uveitis,  215 
ophthalmoscopy,  215 
blind  painful  eye 

bullous  keratopathy,  205 
medium-to-low  internal 

reflectivity,  205 
spindle  B  melanoma,  205 
YAG  laser 

capsulotomy,  205 
blind  painful  eyes,  204 
decreased  vision,  eye,  75 
dense  nuclear  sclerotic  and 
cortical  cataract,  203 
diffuse  (see  Diffuse  choroidal 

melanoma) 
enucleated  eyes,  203 
extrascleral  extension 
B-scan,  341,  342 


fundus  examination  and 
photographs,  341 

subretinal  hemorrhage,  342 

uveal  melanomas,  342 

visual  acuity,  341 

vitreous  hemorrhage,  342 
malignant,  75 
optic  nerve  invasion 

B-scan,  343 

echography,  343 

metastasis  risk,  343 
radioactive  plaque 

A-scan,  333,  334 

B-scan,  333 

internal  reflectivity,  333 
subtenon's  echolucency 

postradiation  treatment, 

333, 334 
radioactive  plaque  therapy,  1 1 
thickened  optic  nerve,  75 
Choroidal  osteoma 

calcified  optic  disc  drusen,  364 
calcium  deposit,  melanoma, 

363,  364 
false  impression,  optic  disc 

drusen,  364 
high-reflective  lesion,  B-and 

A-scans,  363 
Choroiditis 

depigmentation,  141 
inflammatory  cells,  141 
Chronic  dacryoadenitis 
A-scan  and  B-scan,  271 
enlarged  left  lacrimal 

gland,  271 
globe  displacement,  27 1 
Ciliary  body  cyst 

cavitary  changes,  229,  230 
immersion  scan,  229 
pseudophakic  patients,  229 
ultrasound  biomicro  scope 

(UBM),  229 
Ciliary  body  melanoma 

anterior  segment  tumors,  373 
B-scan,  cornea,  5 
contact  B-scan,  373,  374 
dilated  episcleral  vessel,  373 
dilated  fundus 

examination,  197 
echography,  197 
immersion  B-scan,  5 
immersion  scan,  197,  373,  374 
and  IOL 

enucleation,  199 


spherical  mass,  199 
UBM,  199 
slit-lamp  examination,  197 
solid  and  cystic  lesions,  5 
transillumination,  5 
Coat's  disease,  205 
B-scan 

probe,  cholesterol,  407 
subretinal  opacity  and 
retina,  405 
cyclitic  membrane,  408 
intraocular  malignancy,  403 
leukocoria,  407 
pathological  structure, 

medulloepithelioma,  408 
transocular  B-scan,  subretinal 
space,  407 
Coleman,  D.J.,  65 
Collaborative  Ocular  Melanoma 

Study  (COMS),  48 
COMS.  See  Collaborative  Ocular 
Melanoma  Study 
(COMS) 
Congenital  eyelid  closure,  189 
Conjunctival  melanoma 
immersion  scan 
iris  nevus,  370 
lesion,  probe,  369 
ultrasound  biomicroscopy 
cystic  changes,  conjunctival 

nevus,  369,  370 
scleral  invasion,  369 
Coupland,  S.E.,  285 
"Cross-vector"  A-scan,  50-51 
Cyclitic  membrane 
crystalline  lens,  195 
echography,  195 
fifty  MHz  immersion  scan, 

195,  196 
immersion  scan,  195 
less  dense  opacities,  195 
partial  posterior  vitreous 

detachment,  195 
slit-lamp  examination,  195 
twenty-megahertz  immersion 
scan,  ciliary  body 
detachment,  195 

D 

Dacryoadenitis,  4 
antibiotics,  119 
A-scan 

examination,  119 
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inflamed  lacrimal 

gland,  119 
right  lacrimal  gland,  23 
benign  mixed  cell  tumors/ 
pleomorphic 
adenomas,  121 
B-scan,  23 
echography,  23 
enlarged  lacrimal  glands,  121 
lacrimal  gland  thickening,  23 
lacrimal  pseudotumor,  269 
low-grade  dacryoadenitis,  23 
neuroimaging,  23 
orbital  pseudotumor,  269 
and  sarcoidosis,  121 
Dacryocystitis,  116 
Dacryocystocele 
B-scan,  distended 

lacrimal  sac,  323 
dacryoliths,  324 
echolucent  lesion,  323 
mucinous  fluid,  324 
Dacryocystorhinostomy 

(DCR),  117 
Diagnostic  echography,  48 
Diffuse  choroidal  melanoma 
A-scan,  choroidal  nevus,  345 
B-scan,  bumpy  choroidal 

melanoma,  345 
echography,  345 
melanocytoma,  345,  346 
metastatic  tumors,  346 
"mushrooming" 

melanocytoma,  345 

Diktyoma 

B-scan,  posterior  lens 

capsule,  403 
Coat's  disease,  403 
Disc  hemorrhage,  27 
Dislocated  intraocular  lens  implant 
crystalline  lens  capsule,  23 1 
immersion  B-scan,  231 
immersion  ultrasound,  23 1 
Dislocated  lens.  See  also 

Pseudomelanomas,  and 
dislocated  lens 
macula,  partial  posterior 

vitreous  detachment,  425 
vitreoretinal  surgery,  425 
Doxanas,  M.T.,  254 

E 

Echoes,  53 


Echography 

detection,  calcium,  388 
entities,  differential 
diagnosis,  387 
Endophthalmitis 
anti-inflammatory 

medications,  221 
A-scan,  vitreous  opacities,  221 
partial  posterior  vitreous 
detachment,  221 
Endophytic  retinoblastoma 
noncalcified  mass,  395 
ultrasound  probe,  395 
EOMs.  See  Extraocular  muscles 
(EOMs) 

Epithelial  cyst,  posterior  capsule 

echography,  solid  lesion 
appearance,  383 

leiomyomas,  383 

NPCE,  383 
Ethmoid  sinus,  108 
Ethmoid  sinusitis 

A-scan,  111 

echography,  111 

opacity,  111 
Extraocular  muscles  (EOMs) 

inflammation,  131 

thickened,  145 
Extraocular  muscles,  Graves' 
disease 

internal  reflectivity 
pattern,  33 

orbital  myositis,  33 
Eyelid  lymphoma 

chalazion,  319 

low  reflectivity,  A-scan,  319 
Eye  pain,  95 

F 

Ferry,  A.R,  329 
Finger,  P.T.,  330,  348 
Foreign  body 

anterior  chamber 

immersion,  B-scan,  429. 
SEE,  429 
nasolacrimal  duct 
echography,  117 
immersion  B-scan,  117 
lacrimal  gland  infection  vs. 
nonspecific 
inflammation,  118 
lacrimal  infiltrative 
processes,  118 


lid  tics  and 

blepharospasm,  118 
nasolacrimal  osteum,  117 
normal  lacrimal  gland,  118 
symptomatic  dry  eyes,  117 
Frontal  ethmoidal  mucocele 
A-scan,  mucocele,  115 
B-scan,  lesion,  115 
computed  tomography  scan, 

large  mucocele,  115 
dacryocystitis,  116 
echography,  115 
nasolacrimal  system,  115 

G 

Gain  and  sensitivity,  54 
Gass,  J.D.M.,  236,  361 
Giant  retinal  tear 

anterior  vitrectomy,  183 

echography,  183 

surface  without  peripheral 

fundus  attachment,  183 
surgical  repair,  183 
Glaucoma  test,  177 
Gonioscopy,  7 
Gorman,  C.A.,  280 
Graves'  disease,  127,  141,  254. 

See  also  Inflammatory 
Graves'  disease 
A-scan,  thickened  extraocular 

muscle,  439 
forced  duction  testing,  281 
fundus  examination,  439 
increased  orbital  fat,  305,  306 
irregular  internal 

reflectivity,  281 
lateral  rectus  muscle, 

A-scan,  281 
levator/superior  rectus 

complex,  255 
muscle  swelling,  280 
noncongestive,  257-258 
plain  film  x-rays,  439 
superior  rectus/levator  complex, 
thickening,  439 
Graves'  orbitopathy,  251 
enlarged  extraocular 

muscle,  303 
optic  nerve  dysfunction,  303 
orbital  decompression,  303 
slit-lamp  examination,  303 
visual  field  testing,  303 
Green,  R.L.,  60,  61 
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Harbour,  J.W.,  370 
Hemangiopericytoma 
echolucent  tumor,  261 
lacrimal  sac 

cellular  lesion,  325 
echodense  encapsulated 

lesion,  325 
epiphora,  325 
nonepithelial  tumors,  325 
lesions,  medial  orbit,  261 
orbital  Castleman's 
disease,  262 
Hughes,  W.F.  Jr.,  48 


Idiopathic  choroidal  calcification 
A-scan,  calcium,  367,  368 
B-scan,  dystrophic,  367 
lesions,  anterior  segment,  367 
Idiopathic  choroidal  folds 
amsler  grid  testing,  37 
blurring,  vision,  37 
B-scan,  posterior  globe  wall 
flattening,  37 
Increased  orbital  fat,  Graves' 
disease 
B-scan,  305,  306 
CT  scan,  305,  306 
MRI,  optic  nerve  enhancement, 

305,  306 
orbital  decompression,  305 
orbital  inflammatory 
processes,  305 
Infantile  hemangioma 
anterior-to-posterior 

dimensions,  irregular 
internal  reflectivity,  45 
pathology  slide,  45 
Inflammatory  edema,  137 
Inflammatory  Graves'  disease 
A-scan,  143 

with  concurrent  myositis,  143 
CT  scanning,  143 
echography,  143 
echolucency,  subtenon's 

space,  143 
rectus,  143 
Intrachoroidal  silicone  oil 
in  choroidal  space,  187 
echography,  187 
retinal  detachment,  187 
ruptured  globe,  187 
vitrectomy,  187 


Intraocular  foreign  body 
anterior  chamber,  427 
A-scan,  impression,  427 
B-scan,  vitreous 

membranes,  427 

Intraocular  lens  implant  (IOL). 
See  "Iris  bombe" 

Intraocular  tumors 

choroidal  hemangioma,  456 
choroidal  melanoma,  455 
choroidal  metastasis,  456 
choroidal  nevus,  457 
choroidal  osteoma,  457 
diktyoma  (medullo- 

epithelioma),  459 
retinoblastoma,  458 

Intrascleral  foreign  body 
B-scan,  185 

periodic  electroreintograms 

(ergs),  185 
topical  antiobiotics  and 
steroids,  185 
Intumescent  lens 
and  angle  closure 
B-scan,  431 
trauma,  43 1 
A-scan  echography,  173 
B-scan,  173 
immersion  B-scan,  173 
slit-lamp  examination,  173 
ultrasound  biometry,  173 
"Iris  bombe" 
bulging,  9 
echography,  9 
immersion  B-scan,  9 
Iris  cysts 

angle  closure 

intermittent  pain  and 

blurred  vision,  381 
UBM,  ciliary  body  cyst,  381 
pigment  epithelial  cysts,  379 
UBM,  ciliary  body  cysts,  379 

L 

Lacrimal  gland 

adenocystic  carcinoma  {see 

Adenocystic  carcinoma, 
lacrimal  gland) 
chronic  dacryoadenitis,  271 
pleomorphic  adenoma  {see 

Pleomorphic  adenomas) 
Lacrimal  tumors,  123 
Large  cell  lymphoma,  139 
"Lens  tilt"  astigmatism,  229 


Leukemic  infiltrate 

A-scan  and  B-scan,  321 
biopsy,  321 

bulges,  nasal  canthus,  321,  322 
CT  scan,  321,  322 
dacryocystocele/lacrimal  sac 

mucocele,  322 
echography,  322 
ultrasound  examination,  321 
Leukocoria,  385 
Levator/superior  rectus  complex 
A-scan  and  B-scan,  255 
Hertel  exophthalmometry,  255 
Low-grade  dacryoadenitis,  23 
Low-grade  orbital  myositis 
echography,  131 
extraocular  muscle,  131 
tendonitis  component,  131 
LP.  See  Lumbar  puncture  (LP) 
Lumbar  puncture  (LP),  25 
Lumps  and  bumps 
A-scan 

ciliary  body  melanoma,  332 
irregular  choroidal 
melanoma,  331 
reflectivity,  choroidal 

melanoma,  331 
subretinal  fluid,  330 
B-scan,  choroidal  melanoma, 

330,  331 
echography,  329 
lesions,  329 
MRI  and  CT,  330 
path  slide,  melanoma,  331 
vascularity,  arterial  blood 
flow,  331 
Lymphomas 

extraocular  muscles 
A-scan,  lateral  rectus 

muscle,  87 
B-scan,  multiple 

tumors,  87,  88 
B-scan,  vitreous 

opacities,  87,  88 
conjunctival  biopsy,  285 
diplopia  and  proptosis,  285 
fleshy  temporal  conjunctival 

lesion,  87 
left  lateral  rectus  muscle 

thickening,  285 
optic  nerve  "sheath  sign" 
and  parenchyma,  88 
eyelid,  319 
optic  nerves 

A-scan,  solid  thickening,  91 
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bulbous  shadow,  infant,  93 
calcified  drusen,  91,  92 
embolic  material,  central 

retinal  artery,  91,  92 
optic  nerve  shadow,  93 
phlebolith,  central  retinal 

vein,  91,  92 
systematic  examination 

techniques,  93 


Macular  detachment 
B-scan,  vitreoretinal 

traction,  421 
visual  acuity,  421 
Macular  traction 

B-scan,  posterior  vitreous 

detachment,  237 
echography,  237 
inflammatory  cells,  237 
retinal  pigment  epithelial 
(RPE)  window,  237 
Madhavi,  K.,  348 
Magnetic  resonance  imaging 

(MRI)  scanning,  171 
Malignant  melanoma 
ciliary  body 

fundus  examination,  201 
immersion  B-scan,  201 
slit-lamp  examination,  201 
sound  reflection,  50 
Malignant  melanomas,  13 
Marigo,  F.A.,  377,  379 
Medulloepithelioma 

immersion  B-scan,  lesion,  409 
peripheral  B-scan, 

diktyoma,  409 
posterior  segment  cause, 
leukocoria,  409 
Metastasis,  extraocular  muscle 
A- scan,  markedly  thickened 

muscle,  283 
echography,  283 
low  internal  reflectivity,  283 
Metastasis  to  choroid 
A-scan  and  B-scan,  347 
fluorescein  angiogram, 

subretinal  disciform 
lesion,  350 
metastatic  efficiency  index,  348 
paramacular  yellow-orange 

lesion,  347 
shadow  in  nasal  field, 
vision,  349 


simulation,  choroidal 
melanoma,  349 
Microophthalmos,  cyst 
B-scan,  191 

corneal  opacification,  191 
diagnosis,  191 
immersion  echography,  191 
vestigial  ocular  structure,  191 
Migliori,  M.E.,  258 
Migraine-like  headaches,  25 
Mild  sinusitis 

echography,  105,  106 
headache  complaints,  105 
high  blood  pressure,  105 
palpably  tender  temporal 

artery,  106 
papilledema,  106 
thickened  mucous 

membranes,  105 
Miscellaneous  orbital  tumors 
benign 

dermoid  cyst,  472 
mucocele,  473 
malignant 

fibrous  histiocytoma,  477 
lymphoma,  475 
metastatic,  474 
rhabdomyosarcoma,  476 
Mucocele,  473 

chronic  sinus  disease,  263 
computed  tomography  scan, 

263,  264 
cystic  lesion,  thin 

bony  rim,  263 
echo  spikes,  263 
lid  swelling  and 

displacement,  264 
low-reflective  orbital  lesion, 
447 

orbital  portion,  263 
paraocular  A-scan,  447 
sinus-related  paraocular 

problems,  447 
Mundt,  G.H.  Jr.,  48 
Myositis,  107 

arterialized  superior 

ophthalmic  vein, 

145,  146 
echography,  145,  146 
and  Graves'  disease,  145-146 
inflammation,  optic 

nerve,  145 
optic  nerve  measurement,  146 
optic  neuritis,  146 
subtenon's  lucency,  B  scan,  146 


N 

Nasolacrimal  system,  115 
Nevus  to  melanoma  conversion 

A-scan,  337 

benign  nevi,  337 

echography,  337 
Nevus  to  melanoma  transformation 

Amsler  grid  testing,  339 

A-scan,  339,  340 

echography,  339 

echolucency,  339 

"ragged"  posterior  tumor  spike, 
339,  340 

ultrasound,  339 
NLR  See  No  light  perception  (NLP) 
No  light  perception  (NLP),  167 
Noncongestive  Graves'  disease 

exophthalmometry,  258 

hyperthyroidism,  257 

increased  lid  retraction,  257 

inferior  displacement,  258 

MRI  scan,  257 

superior  rectus  muscle,  257 
Nonpigmented  ciliary  body 

epithelium  (NPCE),  383 
NPCE.  See  Nonpigmented  ciliary 

body  epithelium  (NPCE) 
Nuclear  sclerosis,  5 


Ocular  large-cell  lymphoma 
endophthalmitis,  219 
retinochoroid  layer,  220 
vitreous  cells  and  choroidal 

lesion,  219 
3+  vitreous  opacities,  219 
Ocular  lymphoma 
A-scan,  choroid,  359 
B-scan,  choroidal 

thickening,  359 
inflammatory  infiltrates,  359 
Ocular  toxoplasmosis 

CNS  large-cell  lymphoma.,  218 
neoplastic  intraocular 

lesions,  217 
vitreous  cells,  217 
2+  vitreous  dot-like 
opacities,  217 
Ophthalmic  ultrasound,  1 
Optic  nerve  coloboma 
B-scan 

anterior  retinal  loop,  411 
peripheral  granuloma, 
toxocara,  412 
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Optic  nerve  coloboma  (cont.) 
retrolental  opacity,  411 
congenital  cataracts,  412 

Optic  nerve  druse 

A-and  B-scan  techniques,  4 

B-scan,  tiny  buried  druse,  27 

calcified,  3 

disc  irregularity,  3 

echography,  3 

echo  spikes,  calcium,  27 

opacification,  crystalline  lens,  4 

Optic  nerve  drusen 

A-scan,  sheaths,  25,  26 
B-scan,  calcified,  25,  26 
B-scans,  right  disc,  365,  366 
echography,  25 

elevated  optic  nerve  heads,  365 
nausea  and  paresthesias,  25 
pupil  reactions,  25 
slit-lamp  examination,  25 
Optic  nerve  glioma 
A-scan,  253 
echography,  171 
exophthalmos,  254 
fusiform  enlargement, 

nerve,  171 
Graves'  disease,  254 
magnetic  resonance 

imaging,  171 
MRI  scanning,  253 
neurosurgical  exploration,  171 
reduced  visual  acuity,  171 
Optic  nerve  lymphoma 

bilateral  optic  disc  edema,  245 
lumbar  puncture,  245 
magnetic  resonance  imaging, 

245 

orbital  hemorrhage,  246 
slit-lamp  examination,  245 
Optic  nerves.  See  also  Lymphomas, 
optic  nerves 
A-scan 

ethmoid  sinus  air  cell,  108 
thickened  optic  nerve,  107 
echography,  107 
paranasal  sinuses,  107 
Optic  nerve  sheath  hemorrhage, 

247-248 
Optic  nerve  sheath  hygroma 
A-scan,  295 
choroidal  folds,  295 
CT  scan,  295 

cycloplegic  refraction,  295 
Optic  nerve  sheath  meningioma 
A-scan,  243,  293 


B-scan,  291 

calcified  lesions,  293 

CT  scan,  243 

CT  scanning,  293 

echography,  291,  293 

exophthalmometry,  243 

30°  test,  291 
Optic  nerves,  pseudotumor  cerebri 

after  30°  test,  249,  250 

A-scan,  thickened  sheath,  89 

echography,  249 

headaches,  89 

severe  headaches  and 
intermittent 
obscurations,  249 

sheath  fluid,  249 
Optic  neuritis,  107,  146,  147 
Orbital  arteriovenous 

malformation 

B-scan,  317 

chalazion,  317 

echography,  317 

proptosis,  317 
Orbital  cellulitis,  129 
Orbital  hematic  cyst 

A-scan,  lesion,  297 

cystic  lesions,  297 

echography,  297 

hematic  cysts,  297 

Hertel  exophthalmometry,  297 
Orbital  infantile  hemangioma 

A-scan,  311 

echography,  A-scan,  313 
high-dose  oral  steroids,  311 
intralesional  injection,  steroids, 

311,313 
irregular  internal  reflectivity  and 

arterial  blood  flow,  311 
low-reflective  high-flow 

area,  313 
systemic  beta  blockers,  311 
triamcinolone  injection,  313 
Orbital  large  cell  lymphoma 
B  scan,  subtenon's 

infiltration,  139 
echography,  139 
VKH  syndrome,  139 
Orbital  lymphangioma,  155 
A-scan  and  B-scan,  301 
A-scan,  bleed,  445 
B-scan,  445 

diffuse  multicystic  orbital 

lesion,  445 
echography,  301 
Hertel  exophthalmometry,  301 


magnetic  resonance 

imaging,  302 
optic  nerve  compression,  301 
proptosis  and  tiny  serous-filled 

cysts,  301 
Orbital  lymphoma.  See  Choroidal 

folds  and  orbital 

lymphoma 
Orbital  meningioma 
A-scan  spikes,  327 
bony  intracranial  lesion,  327 
CT  scan,  327 
proptosis,  327 
Orbital  metastasis 

fundus  examination,  157 
invasion  and  destruction, 

orbital  walls,  157 
needle  biopsy,  157 
palliative  orbital 

radiation,  157 
A  scan,  V  pattern  of 

reflectivity,  157 
Orbital  myositis,  98,  127 
adjacent  sclera,  133 
A-scan,  129 

thickened  extraocular 

muscle,  277 
thickened  sclera,  443 
collagen  vascular  disease,  277 
cystic  lesions,  443 
echography,  35,  129 
extraocular  muscle,  35 
inflamed  lateral  rectus  muscle, 

129 

intermittent  pain  and  swelling, 
443 

left  lateral  rectus  muscle,  443 

medial  rectus  muscle,  133 

medial  rectus  myositis,  277 

nasal  conjunctiva,  277 

orbital  cellulitis,  129 

prednisone,  129 

restricted  adduction,  277 

and  scleritis,  133 

swelling,  eyelids,  35 
Orbital  pseudotumor 

A-scan  and  B-scan,  441 

high-dose  steroids,  441 

low-reflective  thickening,  441 
Orbital  rhabdomyosarcoma 

B-scan,  163 

CT-scan,  163 

echography,  163 

hemorrhage,  163 

spontaneous  vascularity,  163 
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Orbital  tumors 
lacrimal  gland 

adenocystic  carcinoma,  471 
lymphoma  of  lacrimal 

gland,  471 
pleomorphic  adenoma,  470 
nerves 

glioma,  467 
neurofibroma 

(plexiform),  469 
neurofibroma  (solitary),  469 
schwannoma,  468 
optic  nerve 
glioma,  467 
malignant  glioma,  467 
meningioma,  468 
vascular 

capillary  hemangioma,  464 
cavernous 

hemangioma,  463 
hemangiopericytoma,  464 
lymphangioma,  465 
varix,  466 
Orbital  varix,  155 

obstetrical  Doppler  unit  w,  315 
serpiginous  lesion,  315 
Ossoinig,  K.C.,  9,  49,  70,  88,  114, 

121,  300,  339 
Outreach  program,  425 

P 

Paranasal  sinuses,  98,  109 
Pars  planitis,  169 
Patient  positioning,  scans,  57,  59 
PDT.  See  Photodynamic 
therapy  (PDT) 
Peripheral  iridotomies,  101 
Persistent  hyperplastic  primary 
vitreous  (PHPV) 

A-abd  B-scan,  stalk,  399 

B-scan,  423,  437 

diagnosis,  399 

as  diktyoma,  403 

echography,  423 

leukocoria,  397 

retrolenticular  {see 

Retrolenticular  PHPV) 

treatment  options,  437 
Peter,  J.,  203 

Photodynamic  therapy  (PDT),  355 
PHPV.  See  Persistent  hyperplastic 
primary  vitreous  (PHPV) 
Phthisis  bulbi 

B-scan,  phthisical  globe,  167 


dense  corneal  opacities,  167 
echography,  167 
NLP,  167 
Pleomorphic  adenomas,  121 
adenocarcinomas,  123 
A-scan  and  B-scan,  267 
echography,  43,  81 
en  bloc  excision,  267 
encapsulated  tumor,  267 
exophthalmometry,  267 
hemangiomascavernous, 

123,  124 
intermittent  tearing,  eye,  8 1 
internal  reflectivity,  81 
lacrimal  tumors,  123 
microscopic  structure, 

cavernous  hemangioma, 

123,  124 
minimal  spontaneous 

vascularity,  267 
proptosis,  123 
rhabdomyosarcoma,  43 
Posterior  B-scan 

axial  and  oblique  transverse 

scans,  63-64 
eye  and  probe  stationary,  59 
eye  moves,  probe  stationary,  59 
eye  stationary,  probe  moves,  59 
longitudinal  scans,  64-65 
OD  and  OS  systematic  protocol 

and  labeling 
B-scan  image  types,  59 
horizontal  axial  B-scan,  60 
plane  of  fundus,  60 
transverse  B-scan,  60 
OD  systematic  protocol  and 

labeling,  60-62 
OS  systematic  protocol  and 

labeling,  62-63 
Posterior  lenticonus 

echography,  intraocular  and 

peribulbar  lesions,  413 
immersion  B-scan,  bulge,  413 
Posterior  scleritis 

A-scan,  high-reflective  scleral 

thickening,  361 
Benign  reactive  lymphoid 

hyperplasia,  135 
B-scan 

low-to-medium  irregular 

reflectivity,  361 
subtenon's  lucency,  85 
choroidal  osteoma/osseous 

choristoma,  361,  362 
scleral  thickening,  135 


subtenon,  nodular  type 
thickening,  135 
suspicious  conjunctival 
lesions,  85 
Posterior  vitreous  detachment 
(PVD),  14 
blepharospasm,  177 
B-scan,  vitreoretinal 

traction,  17 
echography,  177 
occurrence,  17 
photocoagulation,  177 
retinal  tear,  177 
slit-lamp  examination,  207 
syneresis,  17 
Weiss  ring,  207 
Pre-phthisis 

A-scan,  thickened  choroid,  169 

B-scan,  169 

central  scotoma,  optic 

neuritis,  170 
intravitreal  kenalog,  169 
paracentral  scotoma,  170 
vascular  occlusion,  arteritic 
optic  neuropathy,  170 
Probe  orientation 

B-scan  transducer,  57 
fluid-filled  finger  cot/tonometer 

pen  cover,  58 
psterior  B-scan  probe,  57 
scleral  shells,  various 
diameters,  58 
Propionibacterium  acnes 
endophthalmitis 
capsular  bag,  diffuse 
opacities,  223 
intraocular  lens,  223,  224 
Pseduotumor  cerebri,  106 
Pseudomelanomas 
A-scan,  335,  336 
and  cataract 

B-scan,  lens,  375,  376 
immersion  echography, 

375,  376 
simulation,  retinoblastoma, 
375,  376 
and  dislocated  lens 
A-scan,  377 
B-scan,  377 
echography,  335 
nevi  and  small  melanomas,  335 
pigmented  fundus  lesion,  335 
Pseudotumor 

A-and  B-scan,  275 
exophthalmometry,  275 
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Pseudotumor  (cont.) 

extraocular  muscles,  275 
orbital,  275 
Pseudotumor  cerebri.  See 

Optic  nerves 
Pulsed  sound  beam,  47 
PVD.  See  Posterior  vitreous 
detachment  (PVD) 

R 

Radioactive  plaque  therapy,  1 1 
Retinal  hemorrhages,  25 
Retinal  tear,  17,  177 
echography,  211 
opthalmoscopy,  211 
subretinal  fluid 

asteroid  hyalosis,  213 
visual  acuity,  213 
vitreous  detachment,  213 
vitreous  traction,  flap  tear,  211 
Retinoblastomas,  14,  15 
adult 

definition,  387 
echography,  calcium 

detection,  388 
peripheral  lesion, 
calcium,  387 
A- scan  and  B-scan,  435,  436 
bilateral  subretinal  masses,  389 
B-scan,  faint  calcification,  391 
calcification 

computed  tomography,  3 1 
echography,  31 
subretinal  mass,  nasal 
fundus,  3 1 
calcium,  intraocular  mass,  389 
CT,  391 
esotropia,  435 
infiltration 

A- scan,  medium  internal 

reflectivity,  393 
endophytic/exophytic 
form,  393 
intraocular  tumor,  indirect 
ophthalmoscopy,  77 
large,  435 

marked  Bell's  phenomenon,  77 
PHPV,  397 
small,  436 
ultrasound,  77 
Retinopathy,  prematurity  and 
retinal  detachment 
B-scan,  anterior,  419 


B-scan,  funnel,  419 

echography,  419 
Retrobulbar  neuritis,  99 

echography,  147 

ocular  inflammation,  147 

optic  neuritis,  147 

visual  acuity,  147 
Retrolenticular  PHPV 

B-scan,  lens  with  retrolental 
opacity,  401 

echography,  401 
Rhabdomyosarcoma,  129 
Ring  melanoma 

immersion  scan,  diffuse 

melanoma,  371,  372 

UBM  (see  Ultrasound 

biomicroscopy  (UBM)) 
Rubeosis  iridis,  97 
Ruptured  anterior  lens  capsule, 

233,  234 
Ruptured  globe 

choroidal  hemorrhage,  179 

echography,  179 

vitreous  membranes,  179 

S 

Sarcoid  optic  neuritis 

acute  sinusitis,  149 

bronchoscopy,  149 

echography,  149 

orbital  pain,  149 

sarcoid  involvement,  149 
Sarcoidosis,  119,  121 
Schlem's  canal,  145 
Scleritis,  133 
Secluded  pupil 

bare  light  perception,  101 

cornea,  101 

echography,  101 

iris  bombe,  101 

peripheral  iridotomies,  101 
Sector  cataract,  5  SEE.  See  Surgical 

Eye  Expeditions  (SEE) 
Sergott,  R.C.,  27 
Shallow  retinal  detachment 

B-scan,  235 

"curved  reflection",  21 

echography,  21 

horizontal  vitreoretinal 
traction,  236 

inferior  nasal  retinal 
detachment,  21 

nasal,  79 


OCT,  236 
orbital  A- scan,  21 
pain,  21 
pain,  eye,  79 

"shape'V'curving  surface",  235 
slit-lamp  examination,  235 

Shammas,  H.F.,  203,  339 

Shields,  C.L.,  335,  343,  348, 
385,  408 

Shields,  J.A.,  203,  342 

Singh,  R.,  233 

Single  peace  acrylic  lenses,  101 
Sinus  carcinoma 
A- scan,  nasal  orbit 
invasion,  159 
computed  tomography 

scan,  159 
orbital  lesions,  159 
palpable  firmness,  left  lacrimal 
fossa,  159 

Sinusitis 

abscess  formation,  449 

A-scan,  449 
Sinus  melanoma 

A-scan,  113-114 

computed  tomography 
scan,  113 

echography,  113 

mucoceles,  113 

orbital  mucocele,  114 

palpation,  113 

zig-zag  sign,  114 
Sinus  polyp 

A-scan 

lamina  papyracae,  109 
maxillary  polyp,  109 
orbital  bone,  110 

echography,  110 

ethmoid  opacity,  110 

ethmoid  sinus  complex,  109 

frontal  sinus,  110 

non-air-filled  maxillary 
sinus,  110 

paraocular  examination,  109 
Sinus  squamous  cell  carcinoma 

diplopia,  279 

and  GAGs,  280 

low-reflective  orbital 
lesion,  279 

moderate  lagophthalmos,  279 
Sjogren's  syndrome,  119 
Small  choroidal  melanoma 

A-scan,  13 

B-scan,  13 
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calcium  clumps, 

retinoblastoma,  14,  15 
choroidal  hemangiomas,  14 
disciform  scar,  14,  15 
dome- shaped  and  mushroom- 
shaped  choroidal 
melanoma,  13,  14 
echography,  13,  14 
fluorescein  angiogram,  13 
vitreous  hemorrhage,  14 
Small  ciliary  body  melanoma 
immersion  scanning,  7 
iris  and  ciliary  body  cysts,  7 
Standardized  A- scan  examination 
A-scan  and  B-scan,  71 
compilation  of  values,  73 
longitudinal  B-scan, 

extraocular  muscle,  73 
normal  optic  nerve,  74 
normal  rectus  muscle,  72 
normal  rectus  tendon,  72 
reduced  gain,  B-scan,  73 
signal  breakdown,  peripheral 

retina,  71 
superior  oblique  muscle,  73,  74 
thickened  extraocular  muscle 

tendon,  71,  72 
vitreous  opacities,  70,  71 
Subperiosteal  abscess 
A-scan,  151 
A-scan  and  B-scan,  451 
diagnosis,  151 
increased  orbital 

pressure,  151 
low  reflective  thickening,  151 
repeat  ultrasound,  45 1 
Subperiosteal  hemorrhage 
anophthalmia,  189 
A-scan,  153,  189 
B-scan,  189 

congenital  eyelid  closure,  189 
ecchymosis,  189 
echography,  189 
echolucency,  subtenon's 

space,  153 
occurence,  153 
proptosis  and  upper 
lid  edema,  153 
Subretinal  disciform  scar 
A-scan 

choroidal  hemangioma, 

359,  360 
eccentric  lesion,  359 
dry  macular  degeneration,  359 


microscopic  anatomy,  choroidal 
hemangioma,  359,  360 
Subretinal  hemorrhage,  13 
A-scan 

gliotic  subretinal  scar,  84 
neovascularization,  352 
B-scan 

disciform  lesion,  83 
macular  thickening,  83 
decrease,  vision,  83 
disciform  lesions,  351 
irregular  internal  structure, 

moderate  vascularity,  83 
Sulcus  fixated  intraocular  lens,  101 
Superior  oblique  tendonitis 
echography,  127 
extraocular  muscle 

thickening,  127 
idiopathic  inflammation,  127 
inflamed  superior  oblique 
muscle,  A  scan,  127 
orbital  myositis,  127 
thickened  trochlea,  A  scan,  127 
Superior  ophthalmic  vein 
carotid  cavernous  fistula 
blood,  Schlemm's 

canal,  288 
B-scan,  287 
color  Doppler,  287 
dilated,  287 

dural  sinus  fistulas,  288 
dural  sinus  fistula 

color  Doppler,  289,  290 
extraocular  muscle,  carotid 
cavernous  fistula, 
289,  290 
visual  acuity  reduction,  289 
Surgical  Eye  Expeditions  (SEE), 
429 

Sympathetic  ophthalmia 

B-scan,  choroidal  thickening, 
239 

choroid,  A- and  B-scan,  240 
echography,  239 
slit-lamp  examination,  239 

T 

Thyroid  orbitopathy,  280 
Tolosa-Hunt  syndrome,  307 

anterior  orbit,  310 

A-scan,  thickened  orbital  apex, 
309 

MRIscan,  309,310 


oral  prednisone,  309 
painful  ophthalmoplegia,  309 
Tonometry,  177 

Topamax-induced  angle  closure 
chronic  inflammation,  193 
immersion  scanning,  193 
ultrasound  biomicroscopy,  193 
uveitic  conditions,  193 
visual  acuity,  193 

Transducer  frequency  and  focusing 
Focal  Zone,  57 
posterior  B-scan 

probes,  55-56 
posterior  12  MHz,  56 
posterior  20-MHz  probe,  56 
UBM  scan,  intraocular  contact 
lens,  57 

Transillumination,  ciliary  body 
melanoma,  7 

"T"  retinal  detachment 

advantage,  echography,  417 
B-scan,  "T-sign"  retina,  417 

Trubo,  R.,  329 

T  Sign,  retrobulbar  neuritis 
echography,  307 
idiopathic  inflammation,  307 
magnetic  resonance  imaging 

scan,  307 
scleral  thickening,  307 


UBM.  See  Ultrasound 

biomicroscopy  (UBM) 
Ultrasound 

perpendicular  direction,  53 
travel,  air,  53 
Ultrasound  biomicroscopy 

(UBM),  103 
ciliary  body,  370 
diffuse  spread,  371,  372 
iris  nevus,  371 
Untreated  MM 

A-scan  and  retinal  detachment, 

97,  98 
blocked  sinus  ostiae,  98 
B-scan  and  retinal 

detachment,  97,  98 
growing  melanoma,  97 
increased  intraocular 

pressure,  99 
ocular  pain,  98 
paranasal  sinuses,  98 
posterior  scleritis,  99 
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Untreated  MM  (cont.) 

radioactive  plaque  treatment, 
97 

thick  choroidal  lesion,  right 
temporal  fundus,  97 
Uveitis,  193 

Uveitis-glaucoma-hyphema 
(UGH)  syndrome 

cornea  and  iris,  103 

low  grade  iritis,  103 

orbit  and  paraorbital  cavities, 
103 

posterior  capsular  tear,  103 
ultrasound  biomicroscopy,  103 

V 

Vasavada,  A.,  233 
Velocities  and  measurements, 

54-55 
Vine,  A.K.,  391 


Vitrectomy,  187 

Vitreoretinal  membranes 
choroidal  detachment,  462 
posterior  vitreous  detachment, 
461 

retinal  detachment,  460 
Vitreous  abscess 

A- scan,  high  spike,  225 

detached  posterior  hyaloid 
face,  225 

hypopyon,  225 
Vitreous  hemorrhage,  14 

diabetic  retinopathy,  227 

fundus  lesions,  209 

posterior  hyaloid  and  subretinal 
hemorrhage,  227 

vitreous  detachment,  227 
Vitreous  syneresis 

B-scan,  19 

retinal  detachment,  19 
Vitreous  traction 


B-scan,  209 
media  opacities,  209 
panretinal  photocoagulation, 
209 

Vogt-Koyanagi-Harada  (VKH) 
syndrome,  139,  141 

W 

Wan,  W.L.,412 
Williams,  A.T.,  361 
Wilson,  G.A.,  29 

Y 

Yttrium  aluminum  garnet  (YAG) 
iridotomy,  9 

Z 

Zimmerman,  L.E.,  408 
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